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ONLY KOM COULD BU 

ILD IT! 


A new micro-sized 2-meter hand¬ 
held with all the performance and reli¬ 
ability you've come to expect from an 
ICOM! 


programmable memories with odd off¬ 
set capability. LCD readout on the. 


The ICOM Micro. A breakthrough 
that ends every amateur radio opera¬ 
tor's quest for that one true, do-any- 
thing. go-anywhere 2-meter handheld 
Miniaturization The Micro gives 
you all the advantages and performance 
of a larger handheld, in a package so 
small, so refined, so well built that only 
ICOM could build it like this 

Measuring only 4 b" high by 2 3" 
wide, by I I" deep, the Micro fits in 
your pocket or purse as easily as a cas¬ 
sette tape This miniaturization doesn't 
compromise ICOM quality. It's exactly 
what you'd expect from ICOM high 
performance in a micro package 
Full Featured And ICOM hasn't 
compromised features for size The 
IC-/j 2AT DTMF version includes ten 





• Hi • $y it. 


top panel for easy readability, up to 
three watts of output loptionall. 32 
built-in subaudible tones AND wide¬ 
band receive coverage from 138 to 
166.995MHz in 5kHz steps for 
MARS/CAP operation and weather 
broadcasts. There's also a simple to 
use digital TouchStep Tuning System 
for fast shirt-pocket frequency adjust¬ 
ments. An IC-p2A version is also avail¬ 
able without DTMF 


Accessories. The Micro utilizes 
existing ICOM handheld accessories 
plus it hosts a new line of battery packs 
long life to alkaline battery cases 



First In 
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ICOM America. Inc , 2380- 116th Ave NE. Bellevue. WA 98004 Customer Service Hotline (206) 454-761S 

3150 Premier Drive. Suite 126. Irvine), TX 7506C 
ICOM CANADA, A Division ot ICOM America, Inc . 3071-45 Road, Unit 9, Richmond, BC V6X 2T4 Can ads 

All staled specifications are approximate and sudioct lo change without nolice Of obligation All ICOM radios significantly exceed FCC regulations limting spurious emissions P2AT1O06-: 
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Kantronics All Mode 


KAM gives you CW, RTTY, ASCII , AMTOR, HF and VHF 
PACKET all together in one unit. 


KAM's FEATURES 


• Transmit and receive CW 6 ^9. 
RTTY/ASCII 45 300 baud. ARQ, FEC. 


We combined the features of 
our UTU-XT and KPC-2 to give 
you the true all mode unit you've 
been asking for, the Kantronics All 
Mode (KAM"*). 

KAM features bargraph tuning 
and user programmable MARK 
and SPACE tones for RTTY and 
HF packet, as well as limiter / 
limiterless operation on HF for 
weak signal operation. 

KAM's CW demodulator is also 
programmable for both center 
frequency and bandwidth. 

KAM's RS-232/TTL terminal 
interfacing provides universal 
compatibility to all computers, 
including Commodores and PC 
compatibles. 

If you're looking for increased 
sensititivity and the greatest 
amount of flexibility in an 
all mode unit, look to Kantronics. 
We've got it all together in the 
Kantronics All Mode. 

Suggested Retail $319.00 


SELFEC, Listen ARQ, VHF and HF Packet. 

• HF and VHF radio ports 

• Command driven by your computer with 
over 100 software commands. 

• User programmable baud rates for RTTY 
ASCII-selectable in one baud increments. 

• User programmable MARK and SPACE 
tones on HF. you choose the tones 

• Selective RTTY Autostart operation 

• Separate CW demodulator filter with pro 
grammable center frequency and bandwidth. 


• Separate CW keying relay for positive or 
negative keying. 

• 12 pole programmable switched capac 
itance input filtering 

• Quartz synthesized AFSK or direct FSK 
operation 

• RS 232 or TTL level operation by lumper 
selection 

• 16KRAM (expandable to 32KI, 256K 
EPROM. EEPROM for parameter storage 

• Compatible with any computer having an 
asynchronous serial I/O port. 

• FCC Part 15 compliant 


2400 BPS Packet Video or Basic Packet Video 
VHS or BETA - S25(includes shipping) 

UTU-TERM/PACTERM for IBM and compatibles 
Works with UTU. UTU-XT. Packet units,& KAM 
Disk-S29.95 retail. 
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Kc Kantronics 

RF Data Communications Specialists 
E 23 Street Lawrence Kansas 66046 (913) 842-7745 
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< Optional Ironl panel selectable 
38-tone CTCSS encoder 

■ Frequency range 142- 
149 MHz (modifiable to 
cover 141 151 MHz) 

■ High performance receiver with 
GaAs FET Ironl end 

1 VS 1 voice synthesizer option 
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TR-9500 

70 CM SSB/CW/FM 
transceiver 

• Covers 430-440 MHz, in steps ol 
100-Hz. 1 kHz 5-kHz. ?5 kHz or 1 -MHz 

•CW-FMHi 10 W, tow 1WSSB10W 

• Aiiiom.iiu band/memory scan 
Search ol selected 10 kHz segments 
on SSB/CW 

• 6 memory channels 
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13 exciting years: looking back 

It's been exactly 13 years since Skip Tenney suggested that Amateurs might welcome a short-lead time "newsletter" to cover current 
news pertinent to Amateur Radio. Skip, Jim Fisk, and I then set to work, and just over a month later the first issue of "HR Report," dated 
January 2, 1974, was handed out at the SAROC Convention in Las Vegas. 

Needless to say, Skip was right. Thirteen years later, HR Report is still going strong as West/ink Report, under the direction of Bill Pasternak 
and Burt Hicks. And today, despite a couple of HR Report's early would-be competitors having dropped by the wayside, the Amateur 
fraternity supports two additional broad-coverage newsletters plus a host of others devoted to one special interest or another. 

Reviewing the past 13 years through the pages of HR Report, Westlink Report, and Presstop (ham radio's newspage, originally dis¬ 
tilled from HR Report but independently written and produced since 19821, one is tempted to say that these have to have indeed been 
the most exciting 13 years in the history of Amateur Radio. Just consider these Amateur Radio happenings reported in HR Report during 
its first two years: 

The first thing you'll notice is that while some things change a lot, others change very little or not at all. In the very first Ham Radio 
Report, we reported that C B was threatening 220 MHz and the Emergency Medical Service was after part of 70 cm, FCC license process¬ 
ing was taking 8 to 10 weeks, and a planned SY5MA Mt. Athos operation had been scrubbed. Later that first year Ham Radio Report 
also reported on the initial efforts that led to our getting new bands at the 1979 World Administrative Radio Conference, licensing of the 
first ATV repeater, FCC elimination of log-keeping requirements, the launch of OSCAR 7 in November, and in December, the FCC's pro¬ 
posed "top-to-bottom" restructuring of the Amateur Service (Docket 20282). 

1975 saw Amateur and CB license fees reduced, "environmental impact" and OSH A became Amateur concerns, and the FCC ban 
on 27-MHz (but not "all-band") linears (and the quick introduction of 4-watt drive all-band "Amateur" linears by various CB suppliers). 
Dick Baldwin, W1RU, replaced John Huntoon, W1RW, as ARRL General Manager, and the FCC proposed an Automatic Transmitter 
Identification System for all 25-960 MHz transmitters (except Amateur). The WARC-79/WG/AM (Working Group/Amateur Radio) had 
its first meeting in May, the FCC reported CB license applications arriving at 15,000 per working day, off-shore navigation systems en¬ 
croached on 70 cm, the FCC OK'ed special events callsigns, attendance at Dayton exceeded 10,000, QSTand ham radio (and later 73) 
announced a change to 8 1/2x 11-inch formats effective January, 1976, and Texas proposed restricting all rf radiation. John Johnston 
(then K3BNS, now W3BE) became Chief of the FCC's Amateur and Citizens Division and announced that his would be a "deregulatory" 
policy (which began by greatly reducing repeater license paperwork), new specific mm-wave Amateur bands through 250 GHz were es¬ 
tablished, and Amateurs got a nice Christmas present from the FCC when it dropped the minimum operating time and code proficiency 
requirements for license renewal. 

Each succeeding year records an equally diverse list of happenings. Here's just a sampling of some of Amateur Radio's exciting events 
that occurred during that time: 

In space, AMSAT's relatively primitive (but effective) 0SCARs6, 7, and then 8 were joined by the comparable Russian RS birds, and 
later on, by the very sophisticated OSCAR 10 (whose elliptical orbit finally made worldwide Amateur satellite communication possible) 
and Japan's "Fuji." Amateurs themselves finally got on the air from space when W5LFL and WOORE operated from the Space Shuttle. 

TheU.S. Amateur Service itself grew at a fantastic rate, at least during the CB boom years. At the end of 1974 there were only 253,357 
licensed Amateur operators in the United States. Today there are more than 421,000! Much of that growth paralleled the CB boom, which 
at its peak had users variously estimated at from 15 to 30 million. From 1975 through 1982, an average of over 20,000 new Amateurs were 
licensed each year, but that died quickly to the present thousand or so a year after CB lost its appeal. The FCC's "restructuring" proposal, 
which included a no-code "Communicator" class license, also died when the League found strong opposition among its membership. 

At Geneva we did get the three new hf bands our volunteer group had worked so hard for, despite the warnings of "gloom-and-doom" 
advocates who claimed we'd be lucky to come out of WARC ‘79 with any Amateur bands at all. All the Amateur monthlies increased 
not only size but price — when HRR began, all had cover prices under a dollar; today, all cost between $2.50 and $3.00 a copy. A court 
ruled that Amateur and CB license fees were illegal, then made the FCC give back all the fees it had collected. Ever-tightening federal 
budgets forced the Commission into serious cost-cutting, and one of the more positive results is the very successful Volunteer Examina¬ 
tion program that's made access to taking Amateur exams easier than it's ever been before. 

The very face of Amateur Radio has changed drastically in the past 13 years. In 1974 vhf/uhf fm, though popular, supported fewer 
than a thousand FCC-licensed Amateur repeaters; ARRL's latest repeater directory lists well over 10,000! The separate "WR" repeater 
license, along with secondary station licenses and new club and RACES licenses, all fell victim to FCC "deregulation." Computer tech¬ 
nology became an integral part of Amateur Radio and is, indeed, an integral part of many Amateur radios. New computer-based hard 
copy/data communications modes such as AMTOR and Packet, unheard of just a few years ago, have far eclipsed their predecessor, 
RTTY, in their number of enthusiastic users. 

On the Amateur bands, DXers, vhf/uhf "weak signal" buffs, traffic handlers, and rag chewers alike have enjoyed the benefits and 
suffered through the depths of a little over one complete sunspot cycle. For hf DXers, there's been the first legitimate activity from BY 
and Yl for many decades, along with a fair number of brand-new "new ones" to keep Honor Roll members and aspirants close to their 
shacks. We've reported on earthquakes, hurricanes, floods, tornadoes, blizzards, forest fires, and even a volcanic eruption during the 
past 13 years, and of the contributions of the countless thousands of Amateurs who've responded with skills and equipment to help al 
leviate the resulting human suffering. 

It has indeed been an exciting 13 years for Amateur Radio — though one must wonder if it's really been all that much more so than 
any similar period of time in the 1920s, 1930s, or post-war years. After all, exciting things have always happened in Amateur Radio, and 
will, we trust, continue to happen. It's been fun being part of it, as both a participant and a reporter. 

Thus it is, with a real feeling of regret, I'm retiring as editor of Presstop. After 13 years on the reporter's beat for ham radio, a new op¬ 
portunity outside of Amateur Radio has forced me to relinquish that aspect of my Amateur Radio involvement. That doesn't mean I'm 
giving up either Ham Radio or ham radio — you'll still find me on the air enjoying the former and, when time and my New Hampshire col¬ 
leagues permit, on the pages of the latter. 

73, 

Joe Schroeder, W9JUV 
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Three Choices for 2 m! 


TM-2570A/2550A/2530A. 


Big multi-color LCD and back lit 


Feature-packed 2m FM 
transceivers 

The all-new “25-Series" gives you 

three RF power choices for 2m FM 

operation: 70 W, 45 W, and 25 W. 

Here's what you get: 

• Telephone numbei memory and 
autodialer (up to 15 seven digit phone 
numbers) A Kenwood exclusive! 

• High performance GaAs FET front end 
receiver 

• 23 channel memory stores offset, 
frequency, and subtone. Two pairs 
may be used for odd split operation 

• 16-key DTMF pad with audible monitor 

• Extended frequency coverage for 
MARS and CAP (142-149 MHz; 141 151 
MHz modifiable) 

• Center-stop tuning a Kenwood 
exclusive! 



• New 5-way adjustable mounting 
system 

• Automatic repeater offset selection 

another Kenwood exclusive! 

• Direct keyboard frequency entry 

• Front panel programmable 38-tone 
CTCSS encoder includes 974 Hz 
(optional) 


controls for excellent visibility 

• The TM-3530A is a 25 watt version 
covering 220-225 MHz The first full 
featured 220 MHz rig' 


Introducing... 

Digital Channel Link 

Compatible with Kenwood's DCS 
(Digital Code Squelch), the DCL system 
enables your rig to automatically OSY 
to an open channel Now you can auto¬ 
matically switch over to a simplex 
channel after repeater contact! Here's 
how it works: 

The DCL system searches tor an 
open channel, remembers it. returns 
to the original frequency and transmits 
control information to another DCL 
equipped station that switches both 
radios to the open channel Micro¬ 
processor control assures fast and 
reliable operation The whole process 
happens in an instant' 


DCL 



Optional Accessories 

• TU-7 38-tone C.1CSS en> odet 

• MU-1 DCl modern unit 

• VS-1 vo • synthesizer 

• PG-2N rxtraDC idle 

• PG-3BDC lint* noise titter 

• MB-10 

• CD-10 ill sign display 

• PS-430 DC power supply lor 
TM 2550A/2530A/3530A 

i ifti* ‘rtr e manuals awn/aWe tv* -tn 

Spot rf.< •itujpnc*i\ >vc sutyecr fo chump 

Spin * tifioru yuato/UPtoi urt rtm.Heu» u 


• PS-50 i ■(' power supply It v TM 257QA 

• MC-60A/MC-80/MC-85 lest nits 
•MC-48B extra DTMF mic with UP/DWN switr h 

• MC-43S UPfDWN mi< 

• MC-55 .rut tin* t 

• SP-40 'tin *• i* t m 'till- m ik"i 

• SP-50B nc'Pii'- -'pe.ik*•* 

• SW-200A/SW-200B SWR| ••• •! meter-. 

• SW-100A/SW-100B 

• SWT-1 ?m antenna tuner 

LJlHj ttltiSf ft > f \ if***. 

kVrfH(iuf not ret 4 rw ritjluj.it inn 
Hit 


Actual size front panel 


KENWOOD 


TRIO KENWOOD COMMUNICATIONS 

mi West Walnut Sued 
Cutnpt ■r C.tliloiMi/t 90220 
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CHALLENGING IDEAS FOR AMATEUR RADIO’S FUTURE, particularly with respect to the concept of 
“personal communications,” are contained in the recently released FCC Office of Plans and Policy 
Working Paper No. 20. With respect to the Amateur Service, author James McNally, WB3APV, notes 
that Amateur Radio is in a slow growth phase that could continue for many years under present limi¬ 
tations, then suggests such revolutionary ideas as relaxing the limits on “permissible communica¬ 
tions,” permitting an Amateur’s immediate family limited use of his or her station on portions of the 
VHF/UHF hands, and/or creating a combined Amateur/personal radio service on parts of the 33- or 
23-cm bands. Also discussed at length is the GMRS service, which he also urges be greatly expanded 
and made more flexible. 

This Fascinating And Very Thought-Provoking Study should be required reading for anyone who is 
concerned with the future direction of the Amateur Radio Service. 

NOVICE “ENHANCEMENT” PROBABLY WON’T APPEAR IN ANYONE’S XMAS STOCKING this year, 
despite optimistic predictions from several sources. Though the proposal to give many new privileges 
to Novices (and Techs) is enjoying broad Amateur support, the usual timetable for seeing a significant 
proposal through FCC procedures makes such a short turnaround seem unlikely. A more realistic esti¬ 
mate would put Commission action into early 1987. 

FCC HAS PROPOSED 40-METER NOVICE BAND EXPANSION TO INCLUDE 7080-7075 kHz in Alaska 
and U.S. Carribbean and Pacific islands, due to interference in the 7100-7150 kHz Novice band. Com¬ 
ments on the NPRM, PR Docket 86-397, are due December 22; Reply Comments by January 21. 

Automatic Control Of VHF/UHF Packet Stations using ARRL AX.25 protocol has been approved by 
the FCC, effective November 24; automatic HF digital operation wasn’t decided. 

The Effective Date For VECs To Be Responsible For Maintaining the Amateur examination question 
pool was still pending at presstime. It should, however, be before year’s end. 

The Comment Due Date For FCC’s Automatic Transmitter Identification System proposal (see October 
Presstop) has been extended to January 19, 1987; Reply Comments to February 16. 

ALLEGATIONS OF FRAUD IN AMATEUR EXAM ADMINISTRATION ARE CASTING A PALL over the 
VEC program. Serious questions have been raised about certain VE teams in Texas, Puerto Rico, North 
Carolina, and southern California, and all are believed under FCC investigation. In at least one case 
there’s also reported to be a “repeater war” between some of those involved that may be related to the 
accusations, but there also appears to be grounds for belief that at least some limited “selling” of 
Amateur licenses has taken place. 

W5YI Reports Two Newly Licensed Amateurs Examined by one of his VE teams were called in for 
reexamination by a DeVry VE team at FCC request, and that he’s removed the accreditation of another 
of his VEs in California. Fortunately, in terms of the VEC program’s size, the improprieties involve 
only a very small minority of the participants. 

THERE’S SOME ENCOURAGEMENT IN THE FCC’S LATEST AMATEUR GROWTH FIGURES, which 
show another all-time high of 421,082 U.S. Amateurs at September’s end, though that’s only a 2 per¬ 
cent increase over a year ago. What’s more encouraging is the number of new Amateurs licensed dur¬ 
ing the past 12 months — 20,979, up 20.75 percent over the preceding year. In the same period 
dropouts decreased by 15.13 percent, to 12,484. By class, Extras are up by 7.38 percent, Advanced 
4.73, Tech and Novice 3.6 each, while the only decrease was for General, down 0.5 percent. 22,228 
Amateurs upgraded during the year, a 10 per cent increase. 

“ARCHIE’S HAM RADIO ADVENTURE,” THE INDUSTRY-GROUP-INSPIRED comic book designed to 
pique youngsters’ curiosity about Amateur Radio, is now available in quantity. The story line in this 
very well done 36-page booklet manages to include HF and VHF fm, DX, OSCAR, autopatch and even 
packet radio while maintaining an entertaining and coherent story line. Educators and others in a po¬ 
sition to place copies in the hands of youngsters in the targeted 10-14 year old age group should con¬ 
tact Viki Armentano at the ARRL. 

WESTLINK REPORT’S FIRST “YOUNG HAM OF THE YEAR” IS SHAWN WAKEFIELD, WK5P, a 
16-year old Eagle Scout from Bartlesville, Oklahoma. Not satisfied with getting five of his fellow Scouts 
into Amateur Radio, Shawn led efforts to set up Radio Explorer Post 103 and also organized a radio 
club in his high school, where he’s an honor student. Active in RACES, he also set up and runs a 
7274-kHz railroad buffs’ net on alternate Tuesdays at OOOOz. 

Shawn Was The Judges’ Unanimous Choice , despite strong competition from several other nominees. 
He was to receive the award, which includes a complete Yaesu station, at the Ham/West Convention 
banquet in Las Vegas November 8. 

PRESSTOP EDITOR JOE SCHROEDER, W9JUV, IS RETIRING as of this issue, and ham radio's editors 
have decided not to continue the monthly Amateur Radio news column without him. Joe’s just pur¬ 
chased a small gun collecting book publishing firm, and expects his new responsibilities there to keep 
him fully occupied. He will, however, remain on the ham radio masthead to contribute editorials and 
an occasional feature article. 
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KENWOOD 

pacesetter in Amateur radio 



“DX-cmng!” 


TS-440S Compact high performance HF transceiver 


with general coverage receiver 


Kenwood's advanced digital know-how 
brings Amateurs world-wide “big-rig” 
performance in a compact package. We 
call it “Digital DX-citement"-that special 
feeling you get every time you turn the 
power on! 

• Covers All Amateur bands 
General coverage receiver lunes Irorn 
100 kHz 30 MHz Easily modified lor 
HF MARS operation 

• Direct keyboard entry of frequency 

• All modes built-in 
USB.LSB. CW.AM.FM. 
and AFSK. Mode 
seleclion is verified in 
Morse Code. 

• Built-in automatic 
antenna tuner 
(optional) 

Covers 80 10 meters. 

• VS-1 voice synthe¬ 
sizer (optional) 


• Superior receiver dynamic range 
Kenwood DyriaMix * high sensitivity direct 
mixing system ensures true 102 dB receiver 
dynamic range (500 Hz bandwidth on 20 m) 

• 100°.'o duty cycle transmitter 

Super efficient cooling permits continuous 
key-down lor periods exceeding one hour. 
RF input power is rated at 200 W PEP on 
SSB. 200 W DC on CW. AFSK. FM. and 110 
W DC AM (The PS-50 power supply is 
needed lor continuous duty) 


• Adjustable dial torque 
■ 100 memory channels 

Frequency and mode may be stored in 
10 groups ol 10 channels each Split fre¬ 
quencies may be stored in 10 channels 
lor lepeater operation 

• TU-8 CTCSS unit (optional) 

Subtone is memorized when TU 8 is installed 

• Superb interterence reduction 

IF shill, tuneable notch lilter, noise blanker, 
all mode squelch. RF attenuator, RII/XIl. 
and optional tillers lignl QRM 

• MC-43S UP/DOWN mlc. Included 

• Computer interface port 

• 5 IF filter functions 

• Dual SSB IF filtering 
A built-in SSB Ir/ter is 
standard When an 
optional SSB lilter 
(YK 88S or YK 88SN) is 
installed, dual tillering 
is provided 

• VOX. full or semi 
break-in CW 

• AMT OR compatible 





Optional accessories 

• AT-140 internal auto antenna tuner (80 m to ml 

• AT 250 external auto tuner (160 m 10 m) 

• AT 130 compact mobile antenna tunei (160 m 
10 ml • IF-232C/IC 10 level tianslator and modem 
1C kil • PS 50 heavy duly power supply • PS-430/ 
PS-30 DC power supply • SP 430 external 
speaker • MB-430 mobile mounting bracket 

• TK 88C/88CN 500 Hz/270 Hz CW tillers • YK 88S/ 
88SN 2 4 kHz/1 8 kHz SSB tillers • MC H0A/80/85 
desk microphones • MC-55 (BP) mobile micro 
phone ♦ HS-5/6/7 headphones • SP 40/50B 
mobile speakers • MA 5/VP I HF 5 band mobile 
helical antenna and bumper mount • 11 922A 

2 kw PFP meat ampllfiei • SM-220 station monitor 

• VS 1 voice synthesizer • SW I00A/200A/2000 
SWR/powet meters •TU-8 CTCSS tone unit 

• PG-2S extra DC cable 


Kenwood takes you 
from HF to OSCAR! 


TRIO-KENWOOD COMMUNICATIONS 

1111 Wesl Walnut Street 
Compton. California 90220 


Complete service manuals are available tor all 
/no Kenwood Uan a ervets and most accessories 
Specifications ana onec aie sub/ect to change without 
notice or obligation 






















AFFORDABLE PACKET RADIO FROM Ml 

MFJ's TAPR TNC 2 clone in a new cabinet with added features... for an incredible $139.95! 
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MFJ-1270 

$ 139 95 


Join the exciting packet radio 
revolution and enjoy error-free com¬ 
munication for an incredible 
SI39.95! MFJ brings together effi¬ 
cient manufacturing andTAPR s (Tuc¬ 
son Amateur Packet Radio) leading edge 
technology to bring you top quality and affordable packet radio 
You get MFJ's highly acclaimed clone of the industry standard 
TAPR TNC 2 Its m a new cabinet and includes a TTL serial port and 
an easily replaceable lithium battery for memory back-up 
All you need is your rig, home computer with a RS-232 serial port 
If you have a Commodore 64. 


You gel interfacing cable terminal software on tape or disk and 
complete instructions everything you need to get on packet radio 
Order MFJ-1282 (disk) or MFJ-1283 (tape) $19 95 each 

Unlike machine specific TNC's you never have to worry about your 
MFJ-1270 becoming obsolete because you change computers or because 
packet radio standards change You can use any computer with an 
RS-232 serial port and an appropriate terminal program II packet radio 
standards change, software updates will be made available as TAPR 
releases them 

Also speeds in excess of 56K bauds are possible with a suitable ex¬ 
ternal modem! Try that with a machine specific TNC or one without hard¬ 
ware HDLC as higher speeds come into widespred use 

You can also use the MFJ-1270 as an excellent but inexpensive 
digipeater You can use 12 VDC lor portable operation or 110 VAC for fix¬ 
ed station operation 

It features AX 25 Level 2 Version 2 software, hardware HDLC tor full 
duplex, true Data Carrier Detect for HF. 16K RAM simple operation plus 
more. 

Help make history! Join the packet radio revolution now and help 
spread this exciting network throughout the world Order the top quality 
and affordable MFJ-1270 today 


and a terminal program If you have a Commodore 64. 128, or VIC-20 
You can use MFJ's optional Starter Pack to aet on the air immediately 

Hene^are MFJ’s latest and hottest products for improving vour station’s performance. 
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MEMORY, 

KEYER 

MFJ-484B 

$139.95 

The MFJ-484B "GRANDMASTER'' Memory 
Keyer is THE choice of CW contesters Why? 
Because it's so easy to use it's second 
nature you don't have to remember how to 
use complex commands and it has all the 
features you'll ever need for easy CW 
Features like these... you can store up to 
twelve 25 character messages that you can 
combine and send at whatever speed you want, 
you can repeat any message continuously or 
pause between repeats, you can change or in¬ 
sert into a playing message by simply sending 
and much more 

The MFJ-484B is RF proof, sends 8-50 
WPM and measures just 8x2x6 inches It uses 
12 to 15 VDC or 110 VAC with MFJ-1312 S9 95 

HF SWR/WATTMETER 

MFJ-816 

$29.95 

Want minimum SWR 
to maximize your 
antenna performance? 

The MFJ-816-is our smallest -4V2X2’/4X3 
mches-(and most affordable) SWR/Wattmeter 
that lets you read SWR, forward and reflected 
power (30/300 watt scales) from 1.8 to 30 MHz 
Uses toroidal current pickup lor uniform sensitivity 

CROSS-NEEDLE SWR/WATT 



MFJ-815 $59.95 


METER 

MFJ’s cross-needle 
SWR/Wattmeter gives 
you SWR. forward 
and reflected power 
—all at a single 
glance! SWR is auto¬ 
matically computed 
—no controls to adjust Easy-to use push " 
buttons select three power ranges that give you 
ORPtc full 'egai limit power readings Reads 20/ 
200/2000 W forward. 5/50/500 W reflected and 1 t 
to 1 5 SWR on easy-to-read two color scale Light¬ 
ed meter Needs 12 V +10% full scale accuracy 
6 '/j x 3'/< x 4Vi inches 



MFJ-1702 

S19.95 


m 


S29.95 mfj-i70i 



Instantly select any 
antenna or rig by 
turning a knob. O' 

gamzes coax cables 
and eliminates plug 
ging and unplugging 
Unused terminals are 
grounded to protect 
your equipment tor stray RF . static and lightning 
2KWPEP 1KWCW For 50 to 75 ohm Negligible 
loss. SWR and crosstab gives high performance 
SO 239s Convenient desk or wall mounting 
MFJ-1702. S19 95 2 positions. Cast aluminum 
cavity construction gives excellent performance 
up to 500 MHz with better than 60 d8 isolation at 
450 MHz Heavy duty, low loss switch has less 
than 20 miiliohm contact resistance 'ess than 0 2 
dB loss and SWR below 1 1 2 2 x 2Vt x 1 inches 
MFJ-1701. $29 95 6 positions White markable 
surface for recording ant positions 9'/?x t'/j x 3 in 

ANTENNA CURRENT 

PR0BE MFJ-206 $79.95 

This new broakthru MFJ Antenna 
Current Probe lets you monitor RF 
antenna currents—no connections 
needed’ Determine current distri¬ 
bution. RF radiation pattern and 
polanzatior of antennas, transmis¬ 
sion tines, ground leads, building 
wiring, guy wires and enclosures 

• Indicate transmission line radiation due to high 
SWR poor shielding or antenna unbalance 

• Detect re-radlation from rain gutters and guy 
wires that can distort antenna iieid patterns 

• Detect RF radiation from ground leads, power 
cords or building wiring that can cause RFi 

• Determine If ground system is effective 

• Pinpoint RF leakage in shielded enclosures 

• Locate the oast place loi you moone antenna 

• Use as tuned field strenght meter 
Monitors RF current by sensing magnetic held 

Uses an electrostatically shielded ferrite core, FET 
RF amplifier op-amp meter circuit lor excellent 
sensitivity, selectivity 1 8 30 MHz Has sensi¬ 
tivity. bandswitch tune controls, telescoping an 
tenna for field strenght meter 4x2x2 inches 



MFJ’s Best VERSA TUNER 



MFJ-M9C 

$149.95 


MFJ's best 300 watt tuner is now even better 
The MFJ-949C all-in-one Deluxe Versa Tuner II 

gives you a tuner cross-needle SWR/Wattmeter 
dummy load antenna switch and balun in a new 
compact cabinet You get quality conveniences 
and a clutter-tree shack at a super price 
A new cross-needle SWR Wattmeter gives you 
SWR forward and reflected power—all at a sin¬ 
gle glance SWR is automatically computed with 
no controls to set Has 30 and 300 wart scale 
Run up to 300 watts RF output—and match co¬ 
ax balanced lines or random wires trom 1 8 thru 
30 MHz Tune out SWR on dipoles vees long 
wires verticals, whips beams/quads 10x3x7 in 

RF PRESELECTOR 



MFJ-1040 

$99.95 


Is your transceiver or receiver "hearing" 
all it could? Adding a MFJ-1040 RF preselector 
can make "lost" signals readable while reduc¬ 
ing troublesome images and out-ot-band 
signals It adds 20 dB of low noise gain wilh a 
strong, sharp lunmg Iron! end and covers all 
HF amateur and shortwave bands through 
lower VHF from 1 8 to 54 MHz. 

A built-in 20 dB attenuator prevents receiver 
overload It has automatic bypass for iransmit- 
ling. works wilh 2 antennas and 2 receivers, is 
8x2x6 inches and uses 9-18 VDC or 110 VAC 
with optional MFJ-1312, S9 95 

MOBILE ANTENNA MATCHER 

MFJ-910 $19.95 

Lower your SWR and 
Get more power Into 
your mobile whip lor 

solid signals and more 
QSOs Your solid state 
rig puts out more power and generates less heat 
For 10-80 meter whips Easy plug-in Installation 
Complete instructions Fits anywhere 2Vax2Vzin 



ORDER ANY PRODUCT FROM MFJ ANU 1RY IT-NO 
OBLIGATION IF NOT SATISFIED RETURN WITH¬ 
IN 30 DAYS FOR PROMPT REFUND less shipping 

• One year unconditional guarantee • Add $5 00 each 
shipping/handling • Call or write lor free catalog 
over 100 products 



TO ORDER OR FOR YOUR NFAREST 
DEALER CALL TOLL-FREE ^ zu 

800-647-1800 

MFJ ENTERPRISES INC I Cdll 60l bUbi) in Miss jnd oubiot 
Ho* 444 Mississippi Stale MS39/62 | Mhhnental USA lele* 53 4590 MFJ STKV 
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buying topo maps 

Dear HR: 

Here's some updated information re¬ 
garding the purchase of topographic 
maps from the United States Geologi¬ 
cal Survey. 

First, the headquarters of the Unit¬ 
ed States Geological Survey has been 
moved to Reston, Virginia 22092. All 
mail orders, however, should be ad¬ 
dressed to the Distribution Branch, 
United States Geological Survey, Box 
25286, Federal Center Building 41, 
Denver, Colorado 80225. 

For a copy of the USGS index to 
topographic maps, call 703 648-5830. 
Request the index for a specific geo¬ 
graphic region — for example, Mary¬ 
land, Delaware and the District of 
Columbia, which are grouped togeth¬ 
er. Each regional index lists local retail¬ 
ers who carry USGS maps as well as 
a variety of special maps, including 
state maps, satellite image maps, and 
maps showing national parks, rainfall, 
population distribution, and similar in¬ 
formation. 

I hope this information will be use¬ 
ful to those seeking that ideal site on 
which to place their "Giant Killer Con¬ 
test Stations.” 

Dan Szymanski, K3SKE 
Frederick, Maryland 21701 

cheers from 
down under 

Dear HR: 

Received July's ham radio yesterday 
and was fascinated by K2RR's 
"Reflections" ("The Phone Call," page 
4). 

The problems discussed have also 
been part of an investigation by the 
Redcliffe Radio Club. . . . We also dis¬ 


cussed the problem a few weeks ago 
and came to a very interesting conclu¬ 
sion, which is probably worth follow¬ 
ing up in the USA as well. 

Attracting youngsters to Amateur 
Radio is pretty difficult, what with all 
those distractions — including com¬ 
puters. It's easier, especially if one has 
access to a modem, to use the 
600-ohm twisted pair. Then too, Aus¬ 
tralian school kids are generally not in¬ 
terested in studying extra-curricular 
subjects because they don't count as 
academic credits. Why work hard for 
something that doesn't count? 

A far greater source of new Ama¬ 
teurs would appear to be those ap¬ 
proaching retirement age, who are 
trying to find something to do besides 
fishing, hunting, or annoying the "mis¬ 
sus." This last suggestion has been 
based on past experience within the 
Club. We found that most of the adult 
students persevered and finally passed 
the Novice exam and within a year up¬ 
graded to either Limited License (your 
Technician License) or General 
License, while out of ten young stu¬ 
dents (under 20 years) only three or 
four made the grade; all the rest all 
dropped out. 

Due to the nature of the Amateur or¬ 
ganization in Australia — where, be¬ 
cause of the cost, most work is done 
by volunteers, and not much can be 
done by either the Federal Council of 
the WIA or the State Councils — 
much depends on the Clubs. And of 
those, only a handful are trying their 
hardest to recruit more Hams. 

There is one danger [in recruiting 
new hams), however. A club specializ¬ 
ing in classes for newcomers may tend 
to forget those who passed the exami¬ 
nations simply because all the volun¬ 
teers are involved in training or other 
work to keep the Club afloat. 

I would like to hear of US Clubs who 
have been able to keep licensed 
Amateurs interested enough to remain 
active in the Club. 

Thanks for a magnificent magazine 
— and 73 from Down Under. 

John Aarsse, VK4QA 
Nambour, Australia 


short circuits 

Digi-Key address 

In the October, 1986 article, "Get on 
SSTV—with the C-64," the address of 
Digi-Key, Inc., was stated incorrectly 
(fig. 1, page 45). The correct address 
is Digi-Key, Inc., P.O. Box 677, Thief 
River Falls, Minnesota 56701-9988. 


low-noise UHF/VCO 

In part 1 of my article, "Low-Noise 
Phase-Locked UHF VCO" (July, 
1986, page 33) the noise floor in fig. 

3 was shown as —142 dBc/Hz for 
N = 1. To label the curve shown with 
M = 1, however, is ambiguous, since 
the phase detector compares 1152 
MHz with the 32nd harmonic of the 
reference crystal oscillator. 

Reference oscillator noise increases 
by 20 log N where N in this case is 32. 
Therefore, the noise floor of the 1152 
MHz VCO should be moved to about 
-130 dBc/Hz, if the effect of refer¬ 
ence multiplication and noise in the 
loop is taken into consideration. This 
puts the noise floor corner at about 20 
kHz, with noise rising at 20 dB per de¬ 
cade to around - 100 dBc/Hz at 200 
Hz. These numbers compare favora¬ 
bly with those of commercial syn¬ 
thesizers currently available. 

The UHF VCO PLL discussed in the 
article is a "direct" type, meaning that 
the phase detector corrects VCO 
phase at 1152 MHz, not some submul¬ 
tiple of 1152. It is difficult to achieve 
better phase noise performance by any 
other means. — WA9HUV 

vhf/uhf world 

The schematic shown in fig. 3 of 
WIJR's November, 1986 column, 
"VHF/UHF World: Broadband Ampli¬ 
fiers in Receiver Design" (page 91), 
should be positioned in fig. 4. Like¬ 
wise, the schematic shown in fig. 4 
should be positioned in fig. 3. Only the 
art should be switched; captions are 
correctly placed. 
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communicating on 474,083 GHz 


Explore a 
new frontier 
with your own 
lightwave station 

Although we might wish for bigger slices of the HF 
or VHF spectrum, Amateur Radio's frequency alloca¬ 
tions extend over 23,600 MHz. 

In assigning frequencies, the FCC didn't terminate 
our allocations at some obscure, arbitrarily chosen 
microwave band. Instead, they specifically gave us 
everything above 300 GHz. And although Amateur 
communication above the 24-GHz band isn't yet very 
practical, there is a narrow segment where it's really 
quite easy to work: that is, of course, light. 

background 

I made some of the first Amateur two-way laser con¬ 
tacts during ARRL VHF contests. At that time (June, 
1979) the ARRL didn't recognize contacts above the 
normal microwave bands, even though the FCC regu¬ 
lations did. These contacts, however, were rejected. 

I figured that the League would be more ready to 
accept lightwave contacts if specific guidelines for 
such contacts were available. With the encouragement 
of Louis Ancioux, WB6NMT, I began drafting recom¬ 
mendations. In mid-1980, I sent the ARRL Contest Ad¬ 
visory Committee several suggestions for rules. 

This is what was ultimately adopted: 

Above 300 GHz, contacts are permitted for contest 
credit only between licensed Amateurs of Technician 
class or higher, using coherent radiation on transmis¬ 
sion (e.g., lasers) and employing at least one stage 
of electronic detection on receive. . . 

The rule also state that while no minimum distance 
is specified for contacts, equipment should be capable 
of real communications (i.e., able to communicate 
over at least a mile). This was no problem at light fre¬ 


quencies; my first laser contacts were over a 15-mile 
path! 

It should go without saying that all equipment used 
for contest points or records should be Amateur- 
owned, if not also Amateur-built. After all, there would 
be no technical challenge or achievement in borrow¬ 
ing a NASA dish to make a 432-MHz moonbounce 
contact. 

what is light? 

Light is a part of the electromagnetic spectrum. 
Visible light starts at around 400 Terahertz; 1 THz = 
10 6 MHz. The low-frequency, long-wavelength end of 
the visible spectrum appears to us as the color red. 
The high-frequency, short-wavelength end is violet. 
Green, in the center of the visible spectrum, is the 
wavelength to which our eyes are most sensitive. 

Like "regular" radio waves, light has a wave nature 
with an electric field and magnetic field component. 
It also has an associated frequency (which is only rare¬ 
ly referred to) and wavelength (the more customary 
measurement). 

A variety of length measurement units are used to 
describe light wavelength. Green light, for example, 
corresponds to approximately 5500 A (Angstrom Units 
where lA = 1 x 10 10 meters), 550 nanometers, 0.55 
microns, or a frequency of 545 THz. But even though 
it follows many of the same rules as rf, light isn't just 
a radio wave of extremely high frequency. What sets 
light apart from lower frequency emissions is its par¬ 
ticulate nature. Light exists in discrete units called pho¬ 
tons and can be made to travel in a very narrow beam 
with very little divergence or spreading. It's wonder¬ 
ful for point-to-point communications. 

Frequency multiplication via a non-linear varactor 
is a phenomenon well known to the UHF enthusiast. 
432 MHz is conveniently reached by tripling 144 MHz. 
What is both amazing and not commonly known, 
however, is that light frequencies can also be multi- 

Steve J. Noll, WA6EJO, TiC Scientific, 1288 
Winford Avenue, Ventura, California 93004 
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plied in a special non-linear crystal! But light can not 
only be multiplied in frequency; it can be mixed. It's 
possible to direct two laser beams into a special crys¬ 
tal and produce a third beam of a different frequency 
as a result of the mix. It should therefore be possible 
to build some sort of an optical superheterodyne re¬ 
ceiver. It's also possible to build a light "amplifier," 
though the necessary crystals and lasers are very 
specialized and expensive. 

ceiver. It's also possible to build a light "amplifier," 
though the necessary crystals and lasers are very 
specialized and expensive. 

light transmitters 

The laser was conceived in 1958 and built in 1960. 
"Laser" is an acronym for Light Amplification by 



Photo A. Four types of lasers: from top (clockwise), gas laser 
(helium neon): solid-state laser (ruby rod): semi-conductor 
laser (infrared pulsed diode type): and dye laser (dye cell filled 
with organic laser dye Rhodamine B.) 



Photo B. This Helium Neon laser uses the power supply cir 
cuit shown in fig. 7. Power supply and battery are housed 
in a tool box. 



Stimulated Emission of Radiation. 

This is how lasers work (fig. 1). A gas, solid, or liq¬ 
uid is contained in a cavity. Two mirrors, one at each 
end of the cavity, are positioned to face each other. 
Energy is transferred to the atoms inside the cavity that 
do the actual "lasing"; depending on the kind of la¬ 
ser, the energy can come from a flashlamp, an elec¬ 
tric current, a chemical reaction, other energized 
atoms or molecules, or another laser. 

The goal is to raise a lot of the electrons of the las¬ 
ing atoms to a certain higher energy level. At this lev 
el, the atoms are unstable and won't stay there long. 
When the electrons "fall down" to a lower energy lev¬ 
el, they give up this excess energy, which is released 
in the form of photons. This release of photons ran¬ 
dom in time and direction is called spontaneous 
emission. 

If one of these photons strikes an atom that hasn't 
yet generated its photon, the impinging photon stimu 
lates the atom to produce another photon identical to 
the first. The result is two photons of the exact same 
frequency and phase, traveling in the same direction. 
If everything is just right, this process continues 
through the lasing medium. 

Some of the photons bounce between the mirrors, 
traveling through the medium, stimulating more co¬ 
herent photons to be generated. These, then, also 
bounce between the mirrors, continuing the process. 
One mirror is partially transparent to let some of the 
energy escape. Thus is born the laser "beam." 

Although most people have heard of the ruby laser 
and the Helium Neon (HeNe) laser that's commonly 
used in supermarket scanners, a great number of other 
materials have been used to make lasers. Most can 
be categorized as gas, solid state, liquid, or semicon¬ 
ductor (Photo A). 

gas lasers 

Output wavelengths range from infrared to ultravio¬ 
let. Some are tunable. Power outputs vary from ex¬ 
tremely weak to strong enough to burn through steel 
plate. Outputs vary from a few short pulses per sec¬ 
ond to a continuous wave. Sizes vary from as small 
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fig. 3. HeNe laser plasma tube packaged in PVC pipe. 


close to a long flashlamp tube. Mirrors may be exter¬ 
nal or deposited directly on the rod's ends. The ruby 
laser puts out short, high-power pulses of red light. 

The ruby laser may be the most well-known solid- 
state laser, but the Neodymium YAG laser finds the 
most use. Capable of continuous output in the 
100-watt range, its output is invisible infrared. As with 
the ruby, the Nd/YAG laser is optically pumped with 
flashlamps or continuous arc lamps. It is used for cut¬ 
ting and drilling, trimming resistors, and surgery. 

liquid lasers 

Liquid lasers are often called "dye lasers" because 
the active material is usually an organic dye dissolved 
in a liquid solvent. The liquid laser's claim to fame is 
that it is tunable over a wide frequency range. 

In the simplest form of dye laser, the dye is held in 
a length of glass tubing, its ends sealed with windows. 
The external mirrors form the lasing cavity and a flash- 
lamp serves as the pump source. CW-output dye 
lasers are available. Power levels are generally under 
5 watts. 

semiconductor lasers 

Electro-optically similar to Light Emitting Diodes, 
semiconductor lasers are often called diode lasers or 
injection lasers. Output is typically in the infrared, 


as a pencil tip to room-size. And cost ranges from a 
few dollars (for surplus semiconductor lasers) to 
hundreds of thousands of dollars. 

Known for its high-power infrared output, the car¬ 
bon dioxide laser is capable of burning through met¬ 
al. The Argon laser can generate several watts of green 
and blue light. The Nitrogen laser has an ultraviolet 
output and so much gain that cavity mirrors are not 
needed. 

Most gas lasers (fig. 2) are electrically excited by 
applying high voltage to electrodes at the ends of the 
cavity, also known as the "plasma tube" (fig. 3). 
Sometimes windows seal the ends of the tube to let 
the light through to strike external cavity mirrors. Of¬ 
ten there are no windows, and the mirrors are attached 
directly to the ends of the plasma tube. Gas lasers 
usually have lifetimes expressed as a few thousand 
hours, after which time some kinds may be cleaned 
and refilled with a fresh charge of gas. 

solid-state lasers 

In this application, "solid-state" doesn't refer to 
semiconductors, but instead to lasers made of crystal 
or glass. One of the better known of these is the ruby 
laser, which consists of an Aluminum oxide "host" 
with a tiny bit of Chromium mixed in. The laser may 
take the appearance of a pink ruby rod measuring 
1/4-inch diameter and a few inches long, positioned 



Photo C. This helium Neon laser is housed in a Vh -inch di¬ 
ameter PVC pipe, which also contains a commercial 12 volt 
inverter power supply. 



Photo D Components of a portable HeNe laser. 
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Take it with you 



ShackMaster” puts your home station in the palm ol 
your hand. Whether portable, mobile, around the yard 
or around town you'll be linked through your handheld 
to your high performance equipment at home Even call 
home from any Touch-Tone phone and operate. 

Scan the bands, change modes, select antennas, turn 
gear on and off - all Irom your Touch-Tone keypad 
Check into nets, work skeds, ragchew and DX without 
being tied down to the shack 


Exchange electronic mailbox messages with your 
family-like Til be late", or "All is OK". Or talk with your 
family directly through ShackPatch ”. with you in remote 
control of your home station Report traffic accidents or 
disabled motorists through your home phone while 
mobile or portable with Personal Patch" 

All the power of your home station (and more) really can 
follow you anywhere. . to find out more about 
ShackMaster” just write, send us your QSL. or call and 
talk with us at 408-749-8330 


advanced 
^ computer 

controls, inc. 2356 Walsh Avenue • Sanla Clara CA 95051 
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(408) 727-3330 
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measuring a few milliwatts CW or several watts 
pulsed. 

A common package is a stud-type with a window 
on top to let the radiation out (fig. 4). Lasing action 
is achieved by running current through the tiny diode 
"chip." Mirrors are formed directly on the chip by 
cleaving opposing ends of the chip square. 

This kind of laser doesn't produce a beam as nar¬ 
row as most other lasers. Pulsed infrared diode lasers 
are presently on the surplus market — often for less 
than $25.00. We expect to see many surplus units in 
the future because of the growing fiber optic commun¬ 
ication and compact audio disk markets. 

making the choice 

It's not difficult to narrow down the wide choice of 
lasers to a few suitable for our use. Many lasers are 
quite expensive, costing several thousand dollars or 
more. Some are quite bulky because of large power 
supplies or cooling apparatus. Some produce short 
bursts of light only at a very low pulse rate. A few are 
downright dangerous, emanating invisible beams 
capable of burning through almost any known ma¬ 
terial. 

For communications use we need a laser with the 
following properties: 

• It must be inexpensive, or at least so once it reaches 
the surplus market. 

• It must offer reasonable lifetime — at least a thou¬ 
sand hours between refurbishment or replacement — 
consistent with its cost. 

• It should be small, portable, and not consume a lot 
of power. 

• It must be reasonably safe to operate and work with. 


• Although an infrared output that matches readily 
available infrared detectors would be usable, a visible 
beam is preferred. 

• A continuous wave output is most desirable. A 
pulsed output with a very high repetition rate could 
be used. 

• There should be a way to modulate the output and 
then electronically detect the result. 

Solid-state lasers are generally quite expensive, in¬ 
frared, pulsed, and not often available on the surplus 
market. The liquid lasers are also rather expensive and 
not available as surplus. They usually have a visible 
beam, but tend to be bulky. 

Semiconductor lasers present some possibilities. 
The smallest of all lasers, they're inexpensive, readily 
available, and offer long life. They can be battery- 
powered. Power output is generally low enough to be 
considered safe. 

Their biggest disadvantage is that the affordable di¬ 
ode lasers put out only infrared radiation; visible light 
is much easier to work with. Luckily, infrared detec¬ 
tors are plentiful. 

The beam from a diode laser is broader than most 
others and requires shaping by additional lenses or mir¬ 
rors to make it travel a long distance without too much 
divergence. The surplus units are usually pulsed only, 
but the repetition rate is high enough to be useful. 

There are many choices of gas lasers, but only a few 
meet our criteria. The C0 2 , Argon, Krypton, and metal 
vapor units are typically expensive, not available as sur¬ 
plus, large, short-lived, energy-hungry, and danger¬ 
ously powerful. 

One candidate looks especially good, however: the 
HeNe laser, known as the "light bulb" of the laser in¬ 
dustry (fig. 5, Photo B). Luckily, the laser that's one 
of the most suitable for Amateur use is also one of 
the most common on the surplus market. 

Actually, what one usually finds is the plasma tubes, 
not complete lasers. The choice of a power supply and 
packaging are left up to the buyer. 

The HeNe laser is fairly affordable — under $300 for 
a small, brand-new, complete unit. Surplus plasma 
tubes, with integral mirrors but without a power sup¬ 
ply, often sell for under $100, and sometimes as little 
as $30. The HeNe's lifetime is many thousands of 
hours, i.e. a few years. Its size is reasonable, and pow¬ 
er consumption is under 30 watts for the smaller units. 
The plasma tube itself generally requires up to 2000 
volts dc and up to 10 mA. A starting voltage of 10 kV 
may be required. The high voltage requirement of the 
plasma tube is perhaps the greatest hazard associat¬ 
ed with the HeNe laser. 

The common off-the-shelf HeNe lasers have pow¬ 
er outputs rated from 0.5 mW to 5 mW. The beam 
power of the under 1-mW models is high enough to 
cause blindness. The higher power units will definite- 
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KENWOOD 

pacesetter in Amateur radio 






Optional accessories 

• HMC-1 headset wit' VOX 

• SMC-30 [jeaker ninropl* mi 

• PB-21 NiCd 180 mAH battery 

• PB-21H i liCd 500 n / 

• BC-2 wall charger I r PB 21H 

• BC-6 2 pack quick li nger 

• DC-21 DC DC con. 

• BT-2 . 

• EB-2 external C manganese/alkaline- 
battery case 

• SC-8/8T It ( a • with belt ho .k 
•BH-3 bell hook 

• AJ-3 thread-Im I BNC female adapter 

• RA-8A/9A/10A StubbyDuk antenna 

• TU-6 sub lone unit iTH-2IA!/A only) 

More information on the Smallest HT “ 
is available from Authorized Kenwood 
Dealers. 
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ly require reasonable care in handling, but they're still 
not capable of burning through things. 

The HeNe's beam is bright red, continuous, and 
very narrow — perfect for Amateur uses. (It's the one 
I've chosen to work with.) Beam diameters are typi¬ 
cally 0.5 to 1 mm and divergence is typically 1 to 2 
milliradians, which is extremely tight. Plasma tube 
sizes are usually 6 to 15 inches long and 1 to 1-1/2 
inches in diameter. Don't buy from anyone who won't 
guarantee that the laser works. If the plasma tube is 
dead, there's nothing you can do to fix it. 

The only other major item necessary is a power sup¬ 
ply, which, of course, can be homebrewed. There are 
some nice commercial modules that run from 12 volts 
dc and supply the starting voltage as well as the high 
voltage running current. 

If you're starting with a plasma tube, a good way 
to package it is inside a length of PVC pipe. An excel¬ 
lent insulator, PVC pipe is easy to work with and in¬ 
expensive. A diameter of 1-1/2 or 2 inches is about 
the right size (see Photos C, D). 

HeNe lasers require a ballast resistor which can be 
mounted in the non-output end of the pipe, inside of 
an end cap. You might be able to fit the whole power 
supply in one end of the pipe. 

modulating lasers 

There are two ways to impress information on a la¬ 
ser beam. One is to modulate the laser itself — that 
is, to make it generate light in varying amounts. The 
second way is to insert something the path of the un¬ 
modulated beam. 

An obvious way to modulate the generation of la¬ 
ser light would be to modulate the power source. In 
the case of the HeNe laser, this would mean modulat¬ 
ing the nominal 2-kV dc power supply. 

Unfortunately, this approach doesn't work as well 
as we'd like. The HeNe laser — sort of a glorified Neon 


sign — is built around an electrical gas discharge. Per¬ 
haps you're familiar with the operation of the com¬ 
mon Neon pilot light. The NE51, for example, has a 
threshold beneath which it will not light. If much more 
than the rated voltage is applied, however, the lamp 
will be ruined. It doesn't like its power supply voltage 
or current to vary very much at all. 

Modulation can be achieved via the power supply, 
but the percentage of modulation will not be high. 
Even some commercial modulated HeNe lasers, which 
are specifically made to be modulated, offer only 15 
percent modulation. 

Power supply modulation does offer some advan¬ 
tages. It won't, for example, distort the laser beam 
shape. This is very important for long distance at¬ 
mospheric communications where an extremely nar¬ 
row collimated beam is necessary. 

One form of power supply modulation is to place 
a modulation transformer in series with one of the 
high-voltage lines leading to the laser plasma tube. I've 
tried this using a Collins modulation transformer. A 
loud signal was picked up by the 931 photomultiplier 
receiver, although the modulation level was less than 
1 percent. Attempts to increase the modulation level 
simply extinguished the plasma; apparently the modu¬ 
lation causes the high voltage to drop below the plas¬ 
ma threshold. A complete receiver is shown in fig. 6; 
a laser power supply schematic is shown in fig. 7. 

Modulation in the beam path avoids the previously- 
mentioned power supply problems. 100 percent modu¬ 
lation is achievable. There are a variety of objects that 
can be used as modulators. 

A "chopper" usually takes the form of a disk with 
notches or holes cut into it (Photo E). Powered by 
a small electric motor, the spinning disk cuts the beam 
of light. While this may seem like a crude approach, 
such devices are serious laser tools and can often be 
seen advertised in the laser-related trade magazines. 
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Photo E. Optical chopper made from a small dc motor and 
tin can lid. 


of the lid to a toy electric motor shaft. I clamped the 
assembly to the side of the laser housing and powered 
it with a 9-volt transistor radio battery. The resulting 
audio tone-modulated beam was interrupted by hand 
to achieve the final Morse code modulation. This crude 
scheme worked quite well and resulted in a very loud 
signal over a 15-mile path! 

Several kinds of electro-optical modulators use spe¬ 
cial glasses, crystals, or liquid cells. When high volt¬ 
age, rf, or a magnetic field are applied, the polarization 
of light passing through the modulator is rotated. Un¬ 
fortunately, prices for these devices run from several 
hundred to tens of thousands of dollars. 

Liquid crystal displays are light modulators that have 
become part of our everyday life. Wrist watches, port 
able computers, and electronic gear of all kinds use 
LCDs as light valves to display information. It's possi 
ble to modulate light by beaming it through a trans¬ 
missive type LCD or a reflective LCD with the reflector 
removed (Photo F). The main drawback is speed; the 
spec sheet for one common display lists the turn-on 
time as 100 milliseconds and the turn-off time as 200 
milliseconds rather slow for audio frequency modu¬ 
lation. Faster LCDs may become available in the fu 
ture as the need for rapid graphics displays grows. 


A chopper certainly provides 100 percent module 
tion. The beam is either on or off, and is not distorted 
or deflected. With a reasonable motor speed and 
enough holes or slots in the disk, the beam will be in 
terrupted at an audio rate. The audio-modulated beam 
then can be interrupted to produce type A2 modula¬ 
tion, modulated CW. The Morse code interruption of 
the beam can be done with a solenoid activated by 
a telegraph key or simply by hand. 

I used this simple chopper method of modulation 
for my first contacts. The chopper disk was made from 
a 3-inch diameter tin can lid. I cut two dozen slots in 
the perimeter with tin snips, then soldered the center 


the receiver 

Unlike trying to modulate light, receiving modulat¬ 
ed light presents no serious problems. 

Like a simple radio receiver, a light receiver has an 
antenna for gathering energy, a “front end" filter for 
selecting the wavelength of interest, a detector for 
converting the photon energy to electrical energy, and 
miscellaneous electronics for amplification of the fi 
nal signal (fig. 8). 

the "antenna” 

As with radio receivers, the antenna of a light com- 
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munications receiver presents the best opportunities 
for system improvements. ("The bigger the better" ap¬ 
plies here also.) The purpose of the light antenna is 
to gather as much light from the desired source as pos¬ 
sible, concentrate this light onto the detector, and re¬ 
ject light coming from unwanted sources - i.e., the 
sun, moon, street lights, and other sources of ambient 
light. Lenses or curved mirrors mounted in an appropri 
ate tube or holder make a complete antenna system. 
Obviously, what we need is something like a telescope, 
though we needn't bother trying to obtain an actual 
detailed image of the light source. We need merely 
to gather as much light from the source as possible. 

Large-diameter lenses make good antennas. Be¬ 
cause of weight and cost, 3 to 4 inches in diameter 
is about the largest size in which glass lenses are com¬ 
monly found. The diameter of surplus lenses under $20 
usually doesn't exceed 3 inches. (Mirrors take over 
from there.) One source of large-diameter lenses is sta¬ 
tionery or office supply stores that sell magnifying 
lenses for reading small print. These lenses may be 
made of plastic instead of glass and will require a lit¬ 
tle more care in handling to prevent scratches. Also, 
watch flea markets and other sources of used equip¬ 
ment for Luxo-type magnifying work lights. 

Fresnel lenses are flat lenses, often plastic and less 
than 1 /8 inch thick. One side is smooth while concen¬ 
tric ridges are molded onto the other side. Fresnel 
lenses won't form much of an image, but they will 
gather a very large amount of light for their cost and 
weight. I use a 10-inch diameter Fresnel lens mount¬ 
ed in a metal duct pipe to serve as an antenna for one 
of my portable photomultiplier receivers. 

Parabolic and spherical curved mirrors make excel¬ 
lent light antennas, as witnessed by their heavy use 
in optical astronomy. Swap meets and garage sales 
may be good sources for old reflector telescopes built 
around such mirrors. A small telescope with a photo¬ 
sensor mounted in place of the eyepiece would make 
a great light communications receiver, but a large Fres¬ 
nel lens would probably gather much more light. 
Curved sheet-glass mirrors and spun aluminum para¬ 
bolic reflectors measuring 1 to 2 feet in diameter may 
work well in spite of their inaccuracies at optical 
wavelengths. 



Photo F A common LCD is used as a laser light modulator. 
Laser beam is seen entering at bottom left. 





Photo G. Portable laser communications receiver uses a 
10-inch diameter Fresnel lens for the "antenna" and 931A pho 
tomultiplier tube as the detector. 

If only nighttime communication is anticipated, op¬ 
tical bandpass filtering can be dispensed with. But day¬ 
light communications is a different story; sunlight can 
swamp the photodetector, limiting your communica¬ 
tions range. A very narrow bandpass filter is required. 
Luckily, dielectric filters, sometimes called interference 
filters, fit the bill. These filters are made by deposit¬ 
ing multiple thin layers of chemicals on a glass sub¬ 
strate. (Edmund Scientific’ sells these filters for about 
$20 each.) The specifications for their HeNe laser fil¬ 
ter state a half-power bandwidth of only 1.7 percent! 
The drawback is that the filter insertion loss is 55 per¬ 
cent, which isn't too bad considering the bandwidth. 

detectors 

As it is with lasers, there are a large number of differ¬ 
ent photo detectors available. There are photodiodes, 
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Wide Dynamic Range and Low 
Distortion - The Key to Superior 
HF Data Communications 


• Dynamic Range >75 dB 

• 400 to 4000 Hz 

• BW Matched to Baud Rate 


• BER < 1 X 10 5 for S / N = 0 dB 

• 10 to 1200 Baud 

• Linear Phase Filters 


ST *8000 »<f modem 


ST-8000 HF Modem 


Real HF radio teleprinter signals exhibit heavy 

fading and distortion, requirements that cannot be 
measured by standard constant amplitude BER and 
distortion test procedures. In designing the ST-8000. 
HAL has gone the extra step beyond traditional test 
and design. Our noise floor Is at -65 dBm, not at - 30 
dBm as on other units, an extra 35 dB gain margin 
to handle fading Filters in the ST-8000 are all of 
linear-phase design to give minimum pulse 


distortion, not sharp-skirted filters with high phase 
distortion. All signal processing is done at the Input 
tone frequency; heterodyning is NOT used. This 
avoids distortion due to frequency conversion or 
introduced by abnormally high or low filter Q's. 
Bandwldths of the input, Mark/Space channels, and 
post-detection filters are all computed and set for 
the baud rate you select, from 10 to 1200 baud, Other 
standard features of the ST-8000 include: 


8 Programmable Memories 
Set frequencies in 1 Hz steps 
Adjustable Print Squelch 
Phase-continuous TX Tones 
Split or Transceive TX/RX 
CRT Tuning Indicator 
RS-232C, MIL- 188C. or TTL Data 
8,600, or 10K Audio Input 


Signal Regeneration 
Variable Threshold Diversity 
RS-232 Remote Control I/O 
100-130/200-250VAC .44 440 Hz 
AM or FM Signal Processing 
32 steps of M/S filter BW 
Mark or Space-Only Detection 
Digital Multipath Correction 


FDX or HDX with Echo 
Spectra-Tune and X-Y Display 
Transmitter PTT Relay 
8 or 600 Ohm Audio Output 
Code and Speed Conversion 
Signal Amplitude Squelch 
Receive Clock Recovery 
3.5" High Rack Mounting 


Write or call for complete ST-8000 specifications. 


HAL Communications Corp. 

Government Products Division 
Post Office Box 365 
Urbana, Illinois 61801 
(217) 367-7373 TWX 910-245-0784 






















Photo H. Photomultiplier tube communications receiver. A 
3-inch diameter lens is housed in the long PVC pipe. 



Photo I. Solid state photodetectors. Left to right: photo FET. 
bipolar photo transistor, photo Darlington transistor, photo 
diode Bottom: photovoltaic (solar) cell. 

phototubes, photomultiplier tubes, phototransistors, 
photoFETs, photovoltaic cells (solar cells), photoresis¬ 
tive cells, avalanche photodiodes, PIN photodiodes, 
photo Darlington transistors, and even photo travel¬ 
ing wave tubes! 

Next to cost, there are three other important areas 
of concern. The first is spectral response. Does the 
device function well at the wavelength of light we are 
dealing with? Presumably we will be mainly concerned 
with the red output of a HeNe laser. Many kinds of 
detectors do not perform well at this wavelength. The 
second is sensitivity; the light sensitivities of the differ¬ 
ent kinds of sensors vary by at least a factor of 1000 
Speed, the third, is mainly a concern with short pulse 
width applications such as receiving light generated 
by a diode laser. It is not a concern with audio or mew 
continuous output lasers (HeNe). 

Solar cells are not considered to be especially good 
for light communications. Although they are inexpen 


sive and fast enough for audio detection and their 
"capture area" is very large, this is not an advantage 
in situations where lenses or mirrors are used to gath¬ 
er light. They are also easily overloaded by sunlight. 

Photoresistors are inexpensive and have good sen¬ 
sitivity at red light, but are too slow for detecting 
modulation. 

There are several kinds of photodiodes. PIN pho¬ 
todiodes and Avalanche photodiodes are the best 
kinds for communications. The Avalanche photodiode 
is the most sensitive and the fastest. Unfortunately, 
it is also the most expensive and is generally not found 
on the surplus market. 

The PIN photodiode is an excellent choice. It has 
a response time on the order of one nanosecond and 
its sensitivity at red light is good. The Motorola 
MRD500 and MRD510 diodes sell for about $3.50. The 
Motorola Optoelectronics data book describes these 
two diodes specifically as being suitable for laser de¬ 
tection and light demodulation. 

In the category of phototransistors, there are bipo¬ 
lar phototransistors, photo Darlington transistors, and 



Photo J. 931A photomultiplier tube. 
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photoFET (Photo I). Phototransistors are more sen¬ 
sitive than photodiodes since they have gain. This gain 
is achieved at the price of speed, although they are 
still fast enough for audio detection. 

Bipolar phototransistors are cheap and commonly 
available. A search of electronic parts catalogs yield¬ 
ed no fewer than 15 different devices available with 
prices ranging from 30 cents to less than $3. The re¬ 
sponse time is around 2 to 20 microseconds and sen¬ 
sitivity to red light is good. They can be saturated by 
too much light and care should be taken to prevent 
this by optical shielding and filtering. 

The photo Darlington transistor contains a light- 
sensitive transistor as in the bipolar phototransistor and 
an additional transistor that amplifies the output of the 
first one. These devices are very light-sensitive. Speed 
is correspondingly slower, in the 10 to 100 microse¬ 
cond range. The Motorola MRD360 photo Darlington 
is one of the best units and sells for under $5. 

Photomultiplier tubes are bulky and fragile, require 
high-voltage power supplies, cost more than most of 
the common solid-state devices, and can be hard to 
find. Their spectral response is usually not the best 
at red. So why use them? Gain. Lots of gain. Gain into 
the millions. The gain is developed inside the tube and 
without excessive noise. Rise times of 3 nanoseconds 
are typical. Photomultiplier tubes can detect extremely 
low levels of light and are linear over wide ranges of 
light intensity. The popular 931A (Photo J) is linear 
within 3 percent over a change in light intensity of 
10,000,000. 

The Avalanche photodiode is the closest solid-state 
equivalent, but it is even more expensive, extremely 
temperature-sensitive, and requires a highly regulat¬ 
ed high-voltage power supply. If Avalanche photodi¬ 
odes were ever to become low-priced surplus items, 
they might then offer some advantage over the pho¬ 
tomultiplier. But for now, the "hottest” optical front 
end is the photomultiplier tube. 

The common photomultiplier tubes look similar to 
a glass envelope octal base radio tube. They typically 
have eleven or more base pins, depending on the num¬ 
ber of stages. There is no filament. The 931A and 7117 
are two of the more common tubes. The peak sensi¬ 
tivity is at 4000 A (violet) and is unfortunately less than 
10 percent at red wavelengths. With a 1000-volt sup¬ 
ply, the current amplification for the 931A is 800,000. 

These tubes were once used in automatic headlamp 
dimmers, so one source of them would be auto wreck¬ 
ing yards. The Allied Electronics 2 catalog lists the 931A 
at $34 (new) and Fair Radio 3 sells used units for un¬ 
der $10. 

propagation 

Obviously propagation is limited to line-of-sight. The 
range depends on laser power, wavelength, and diver¬ 


gence. The wavelengths we're dealing with travel very 
well through the atmosphere. The beam divergence 
is typically one milliradian, which means for every 1000 
feet the beam travels, it spreads out by 1 foot. A mile 
away, the beam is 5 feet in diameter. The range also 
depends on receive antenna size and detector sensi¬ 
tivity — and, of course, upon the clarity of the at¬ 
mosphere. I figured that the theoretical range of a 
1-milliwatt, 1-milliradian laser and a photomultiplier re¬ 
ceiver with a 3-inch lens would be 624 miles. In real 
life, atmospheric turbulence would limit this. Neverthe¬ 
less, it's fair to say that if you use a decent receiver, 
the range is quite far. 

Aiming a laser on a target several miles away is no 
small problem. Turning a 1-milliradian divergent laser 
by only 1 degree will move the 5-foot diameter beam 
almost 100 feet at a receiving site 1 mile away. 

The laser must be mounted on a very stable tripod. 

I fashioned a micrometer-type mount to provide fine 
aiming adjustments. A rifle scope mounted on the la¬ 
ser will also help. 

I made several contacts with the K6MEP contesters 
when I was with the Los Padres Microwave group. 

I was usually on Mt. Pinos, while MEP was on Reyes 
Peak, about 15 miles away. I used a 4-mW homebrew 
laser and K6MEP used a Spectra Physics laser owned 
by W60AL. Both my unit and the MEP device used 
chopper modulation. I built both receivers around 
931A photomultipliers. One used a 10-inch Fresnel lens 
(Photo G) and the other a 3-inch glass lens (Photo 
H). We made contact by slowly sweeping the lasers 
back and forth across what we believed to be the 
receiving site (the target was too far away to recog¬ 
nize by eye). The receiving site gave a yell on 2 meters 
when they saw the beam flash by. (The beam at that 
distance at night appears very bright; it is even visible 
in daylight.) Then the fine tuning began. 

a word of caution 

Do be very careful when using lasers. They can cause 
blindness. Don't ever point one at aircraft; it's not only 
dangerous, but illegal. Several people have been ar¬ 
rested for doing just that. 

Special glasses and goggles that block the passage 
of the red output of Helium Neon lasers area availa¬ 
ble and are strongly recommended for anyone who 
experiments or works with lasers. 

Compared to the other Ham bands, the usefulness 
of the world above 300 GHz certainly has its limits. 
But the purpose of Amateur radio is not to find the 
most efficient band, the most practical mode, and the 
most expedient QSO form. We are here to explore, 
to experiment, and to investigate. 

As it is with the 432-MHz and higher bands, most 
lightwave communications activity will probably cen¬ 
ter on ARRL VHF/UHF and microwave QSO parties 
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HIGH PERFORMANCE 
PRESELECTOR-PREAMP 


The solution to most interference, intermod, and desense 
problems in AMATEUR and COMMERCIAL systems. 

, • 40 lo 1000 Mhz ■ tuned to your frequency 

• 5 large helical resonators 

^• Low noise • High overload resistance 

_ • 8 dB gain ultimate reaction > 80 dB 

F • 10 to 15 volts DC operation 

'J i* *J • Size t 6 x 2 6 x 4 75" exc connectors 

• FANTASTIC REJECTION! 

Typical rejection: Price • CALL bipolar w/RCA lacks 

+ 600 Khz@144 Mhz -28dB Connector options BCN $5, UHF $6 
±1 6Mhz@220Mhz -40dB N $10 

±5 Mhz@450 Mhz -50dB SUPER HOT! GaAs Fet option $20 


Typical rejection: 

£600 Khz@144 Mhz -28dB 
£ 1 6 Mhz@220 Mhz -40dB 
+ 5 Mhz£/'450 Mhz -50dB 


and contests. But undoubtedly some practical uses will 
be found. One might be for links between split-site 
repeaters, for example. 

The age of the inexpensive laser is here now. 
Receivers are simple to build. Effective and afforda¬ 
ble modulation methods are all that remains to be de¬ 
veloped. Perhaps one of the readers of this text will 
discover a viable technique. 


1 Edmund Scientific. 101 East Gloucester Pikt? Barrington, NJ 08007 

2 Allied Electronics, 401 East 8th Street. Forth Worth. TX 76102 

3 Fair Radio Sales 1016 East Eureka Street. Lima. Ohio 45802 1105 


AUTOMATIC IDENTIFIERS 



• For transceivers and repeaters AMATEUR and COMMERCIAL 

• Automatic operation adjustable speed and amplitude 

• Small size easy installation 7 to 15 volts DC 

• 8 selectable reprogrammable messages each up lo ? mm long 

• Wired, tested, and programmed with your message(s) 

Model ID-1 $49 95 Model ID-2 w/2 lo 10 minute timer $69 95 
We otter a complete line ol transmitter and receiver strips 210 

and synthesizers lor amateur and commercial use 
Request our tree catalog Allow 12 tor UPS shipping Mastercard and VISA *- come 


GLB ELECTRONICS,INC. 

1S1 Commerce Pkwy., Buffalo, NY 14224 
718-975-6740 9 lo 4 


FULL CHARGE FAST 

Replace your old slow charger. 

Handheld battery packs full to capacity in as little as 

45 Min. 

STATE OF THE ART DESIGN. 

PROVIDES PRECISE MEASUREMENT AND CONTROL 
OF CHARGE AND DISCHARGE PARAMETERS. 

F 1 Power connector and transformer supplied 
E 2. Pocket size charger 4”x2V»"x1" 

A 3. Laser trimmed precision resistors 
T 4 Reverse polarity protection built in 
U 5 Solid state circuit measures charge and discharge 
R 6 Automatic shutoff 

E 7 Simple modification to adapt (special adapter tor ICOM) 

S 8 Controlled automatic discharge and auto switch to charge mode 
eliminates memory problem with Ni-Cd Batteries 

Quick charge or discharge 
Utilize your Ni-Cd To full capacity 

115 VAC or 
12 VDC to 
24V 

Home $149.95 
Auto 
R.V. 

Boat .« ■« 

Plane 

Mail Orders To 

- NRG CONTROL 

P.O. BOX 1602 

MU Chelan, WA 98816 

Plu S 3 50Po9lageS Handling ^ 21 , 

Washington Residents add 7 v, % (OUy) Doz!*z:oO I 







RADIO 
HANDBOOK 
23rd Edition 


by Bill Orr W6SAI 

Your order will be shipped immedi¬ 
ately upon receipt of inventory from 
Howard Sams. 


Here are some of the highlights of this exciting new 
edition: New easy-to-use charts for Chebyshev and 
elliptic filter configuration, new data on power MOS- 
FETS, how to use state-of-the-art OP-AMPS, and 
home computer RTTY to name just a few exam¬ 
ples. New projects include: GaAsFET preamps for 
902 and 1296 MHz, easy-to-build audio CW filter, 
Economy two 3-500Z, 160 meter amplifier, multi¬ 
band amp using two 3CX800A7's, and a deluxe 
amplifier with the 3CX1200A7 tube New antenna 
projects include: efficient Marconi design for 160 
and 80 meters, computer generated dimensions for 
HF-Yagis, and a 2 meter slot beam. Also all the 
other information you count on Bill Orr for! You 
deserve the latest Radio Handbook 
Reserve your copy today. 23rd edition 1986 
[122424 Hardbound S24.95 

Pre-Publication 

SPECIAL 


$19.95 
Save $5 


Offer extended to Dec. 15, 1986 

Please enclose S3. 50 to cover 
shipping and handling. 


ham-- 

radio 


rrffO_ BOOKSTORE 

GREENVILLE, NH 03048 
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Hew From 

Spectronics! 


The SONY air- 8 is Here! 


listen to ? Meiers. Forestry Police, Fire. Air 
Traffic Control, LF and VHF Weather 160 Meier 
AM & CW and a whole lot more' 


HERE ARE SOME OF THE AIR-8 s OUTSTANDING FEATURES! 


• Computer controlled PLL tuning system • 40 memory presets • Multi scan 
system (manual and auto) • 11" Helical antenna w/BNC connector • Priority 
channel • Squelch (auto and manual) • Direct tuning 


HERE'S TRUE SONY QUALITY! Feel Ihe rugged construction, and listen to the high quality 
sound, and you'll Know It's a Sony! The new Alr-8 can scan tour dtfleren! Irequency ranges In 
either direction and can store a total ot forty frequencies In Its tour memory banks You can recall 
any memorized Irequency with the touch ot a key. and can scan the ten channels in each of Its 
lour memory banks in any order The Alr-8 also has a delay function that prevents dropout en¬ 
abling you to hear both sides ot a conversation, and also a priority feature that samples a chosen 
frequency every three seconds for a signal The qulck disconnect BNC connector allows different 
types ot antennas to be easily coupled to the Alr-8 lor maximum performance 
The Air-8 measures 3\" x x 2" and weighs just 21 oz This is truly a sturdy little compa 
nlon that will give you years of dependable performance wherever you go 

I - 8 Frequency Bands i-7 Functions on LCD Display - 1 
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1601 ZtfMkM; 

11601 i *94 k W/t 
SJQ ffiOOkH/ 
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THOUSANDS IN J_ ' ,,v 

USE WORLDWIDE! p ^ CKED ^ITH SONY STATE-OF-THE-ART TECHN0L0G Y 

(1) POWER Switch (2) Volume Control (3) 11" Helical Antenna (4) BNC Antenna Connector 0 0 

(5) Squelch Control. Features both manual and automatic modes. (6) Earphone Jack (7) AM Ex¬ 
ternal Ant Jack (8) Band Selector. Selects Air. PSB. AM, or FM (9) LCD Display (See detailed II- ; 
lustration above) (10) Counter Keys. Used to program frequencies lor direct tuning and @ 
memories, and also to recall memories. (11) EXECUTE Key (12) SCAN Keys. Used for scan tuning 
and manual tuning. (13) LIGHT Switch (14) KEY PROTECT. Locks out all keys on front face. (S) 

(15) EXTERNAL DC INPUT (16) High Quality Speaker (17) ENTER Key. Used to memorize frequen 
cies. (18) Battery Compartment (rear) (19) 9kHZ/10 kHZ Selector (Inside battery compartment) 

Used to change MW tuning interval (20) DIRECT Key. Used lor direct tuning. (21) LED Receive In- j 
dlcator (22) MEMORY Scan Key. Used lor scan tuning each memory bank. (23) PROGRAM Key. 

Used to initiate the program function (24) DELAY Key (25) PRIORITY Key. Used for sampling a ! 
priority channel every 3 seconds. (26) Heavy Duty Body. Rugged military/mdustrlal grade con- ^ 
struction. AND DON'T FORGET IT'S A SONY! 
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KLM 440-27 14DBD ANT...$107 

Mirage D24N-ATV 50 Wpep amp. ..$219 KLM 440-14 IIdbd ant $77 Alinco ELH-730G 20 Wpep amp....$129 

ATV, FM, SSB. 1 W IN. 13.8VDC @ 9a KLM 440-6 8dbq ant $62 AT V, FM, SSB. 1w IN. 13.8VOC @> 4.5a 

HAMS! Call or write for full line ATV catalog....downconverters start at only $59 


■AMATEUR 
TELEVISION 


ATV MADE EASY WITH OUR SMALL ALL IN ONE BOX TC70-1 
TRANSCEIVER AT A SUPER LOW $299 DELIVERED PRICE! 

CALL 1-818-4474565 AND YOURS WILL BE ON ITS WAY IN 24 HRS (via ups surface in cont. usa). 


TC70-1 FEATURES: 

* Sensitive UHF GaAsfet tuneable downconverter lor receiving 

* Two frequency 1 watt p.e.p. transmitter. 1 crystal included 

* Crystal locked 4.5 mHz broadcast standard sound subcarrier 

* 10 pin VHS color camera and RCA phono jack video inputs 

* PTL (push to look) T/R switching 

■ Transmit video monitor outputs to camera and phono jack 

* Small attractive shielded cabinet - 7 x 7 x 2.5" 

* Requires 13.8vdc @ 500 ma. + color camera current 

Just plug in your camera or VCR composite video and audio. 70cm 
antenna, 12 to 14 vdc. and you are ready to transmit live action 
color or black and white pictures and sound to other amateurs. 
Sensitive do.wnconverter tunes whole 420-450 mHz band down to 
channel 3. Specify 439.25, 434.0, or 426.25 mHz transmit 
frequency. Extra transmit crystal add $15. 

Transmitting equipment sold only to licensed radio amateurs verified in the 
Callbook If recently licensed or upgraded, send copy ol license 


WHAT ELSE DOES IT TAKE TO GET ON ATV? 

Any Tech class or higher amateur can get on ATV. If you are 
now on SSTV, or have a home camera or VCR & TV set, your cost 
will just be the TC70 and antenna system. If you are working the 
AMSAT satellites you can use the same 70cm antennas on ATV. 

DX with TC70-1s and KLM 440-27 antennas line of sight and 
snow free is about 22 miles, 7 miles with the 440-6 normally used 
for portable uses like parades, races, search & rescue, damage 
accessment, etc. Add one of the two ATV engineered linear amps 
below for greater DX or punching thru obstacles. 

The TC70-1 has full bandwidth for color, sound, like broadcast. 
You can show the shack, home video tapes.computer 
programs,repeat SSTV, weather radar, or even Space Shuttle 
video if you have a home satellite receiver. See the ARRL 
Handbook for more info & Repeater Directory lor local ATV rptrs. 
PURCHASE AN AMP WITH THE TC70-1 & SAVE! 

20 WATT WITH ELH-730G....$41 2 
50 WATT WITH D24N-ATV....$499 

All prices include UPS surface shipping in cont. USA 


ACCESSORIES: 


o 

ELECTRONICS 


P.C. ELECTRONICS 2522 S. PAXSON LN. ARCADIA CA 91006 (818) 447-4565 
TOM W6QRG MARYANN WB6YSS CompuServe 72405.1207 
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advanced CW processor 


Enhance reception 
with limiter/filter 
building blocks 

The proper sequence and configuration of volt¬ 
age amplitude limiters, bandpass filters, and catalytic 
carriers can enhance CW reception. Figure 1 shows 
a series of blocks I have cascaded that work well to¬ 
gether. At first glance this sequence may seem 
strange, but let me explain. To understand the rea¬ 
sons that these blocks help each other, it's best to start 
from the output end and work toward the input — ex¬ 
cluding the power amplifier, which is conventional. 

carrier-activated limiter 

A technique referred to in part of fig. 1 as CAL, for 
Carrier Activated Limiter, was completely described 
in a previous article. 1 The heart of this device is a wide¬ 
band limiter that's constantly switched into upper and 
lower saturation by a high-frequency square wave car¬ 
rier. Output from the limiter is then fed to a filter that 
passes a desired signal frequency and removes the 
square wave carrier. The carrier serves only as a cata¬ 
lyst to create a system that provides an S-shaped non¬ 
linear gain characteristic with a well-defined output 
amplitude level. Figure 2 shows the basic performance 
curve. 

With this system, signal and/or noise voltage am¬ 
plitudes only a few dB below the nominal 0.5-volt p-p 
designed signal level requirement will begin to be sup¬ 
pressed. If signal and/or noise voltages are 10 dB or 
more below the 0.5-volt level, they will be suppressed 
a nominal 14 dB below what they would otherwise be. 
In a similar manner, the ringing residues caused by the 
100-Hz filter, when confronted by the typical rise time 
of a keyed CW signal, will also be suppressed from 
a normal 15 to 20 dB below the "dit — dah" level to 
around 30 or 35 dB below. Because of this feature, 
it is actually possible to reduce the preCAL filter band¬ 
width to as little as 20 or 30 Hz without losing the abil¬ 
ity to copy relatively high speed CW: you get the 


essential capability of synchronous detection without 
its complexity. 

The referenced article also carefully explains why 
the narrow filter in front of CAL is necessary to re¬ 
duce the problem encountered when more than one 
signal enters any amplitude limiter function. But also 
consider what happens when the 100-Hz bandwidth 
filter is struck by a noise pulse. 

pulsed 100-Hz bandwidth filter 

This filter is included in the CAL article. Figure 3 
shows the output that results when it receives a noise 
pulse from the 500-Hz bandwidth filter. You'll note that 
the peak ringing amplitude from the 100-Hz bandwidth 
filter is about 1 /6th that of the short pulse that caused 
it. This phenomenon is present for impulse types of 
noise any time you have a narrow filter following a sig¬ 
nificantly wider bandwidth system. What basically 
happens is that a tall, short-duration burst of energy 
is transformed by the narrower filter to become a low- 
amplitude, long-duration burst of energy that rings 
mostly as a sinusoid at the narrow filter's natural geo¬ 
metric center frequency. However, because of our 
logarithmic hearing characteristic, we cannot detect 
much difference between the two — perhaps, in part, 
because the total energy content difference between 
the input and resulting output pulses isn't nearly as 
great as the difference in voltage amplitudes. 

But the CAL system doesn't care about energy con¬ 
tent. It cares only about instantaneous voltage ampli¬ 
tude; so, for example, if a 0.5-volt p-p pulse arrives 
at the narrow filter's input, its resulting output of less 
than 0.1 -volt p-p is low enough to be reduced by more 
than 30 dB by the CAL system. This illustrates why 
the present system already does quite well in control¬ 
ling noise pulses that are no more than one or two 
times a properly adjusted signal amplitude. However, 
when confronted with noise pulses whose amplitudes 
are above three or four times the 0.5-volt p-p level, 
little suppression results. The stretched noise pulse is 
held to the maximum output level of the CAL design. 

By Don E. Hildreth, W6NRW, 936 Azalea Drive, 
Sunnyvale, California 94086 
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but it can still be heard. Now, suppose a voltage am¬ 
plitude limiter set at a limit level of 0.5 volts p-p is 
placed in front of the 100-Hz filter. 

limiter addition 

The CAL article carefully documents what happens 


if more than one signal enters a limiter. But how about 
those times when QRM isn't too heavy? During these 
opportune times, a front limiter can force noise pulses 
of very large amplitudes to be held to a value that can 
be acted on by the CAL's suppression factor. At the 
same time, a desired signal at 0.5 volts p-p slides right 
under the "limiter, filter, CAL" system unscathed. 
However, if a full 3 kHz to 5 kHz or so of audio band¬ 
width from your receiver is connected to this first 
limiter, then the number of opportunities for using the 
limiter may not be too favorable. Now we get to the 
500-Hz bandwidth filter. 

adding an offset first filter 

Now this may seem a bit strange. A 400- to 900-Hz 
filter will pass a signal to the 750-Hz, 100-Hz bandwidth 
filter because it embraces that band, but its center fre¬ 
quency is 600 Hz, the geometric center of the band 
edges. Its residual ringing will be at around 600 Hz, 
which is outside of the 700- to 800-Hz passband of the 
100-Hz bandwidth filter. The combined effect of the 
wider bandwidth and the offset center frequency en¬ 
ables a filter — restricted to only a 500-Hz bandwidth 
— to provide the 1 /6th impulse-to-ringing signal am¬ 
plitude ratio out of the 100-Hz bandwidth filter, as is 
shown in fig. 3. 

An empirical equation used to design this system is: 

BWI = 4(1 + n/8) (BW2) (1) 

Where BWI is the 3-dB bandwidth of the first filter 
and BW2 is the 3-dB bandwidth of the second filter 
(narrow 8th-order filter). 

This calculated minimum usable bandwidth for the 
first filter is used simply to increase the potential per¬ 
centage of time when the first limiter can be used. The 
first limiter can be used with good results directly be¬ 
tween your receiver and the 100-Hz bandwidth filter 
for impulse noise control, but when signal density is 
high it will often have to be switched out, especially 
if you are listening to a weak signal that requires high 
gain from your receiver. The filter shown here provides 
what I believe to be the best available compromise be¬ 
tween potential use time and the degree of impulse 
noise suppression when the CAL is included. In addi¬ 
tion to the use factor, another trade-off must be con¬ 
sidered because of the more likely noise sources. 

noise types 

The efficacy of a noise limiter is strongly influenced 
by the preceding filter's bandwidth because of the 
length of time by which a filter stretches impulse noise. 
An empirical approximation of this for the main ener¬ 
gy burst coming from a filter following an exciting 
pulse is given by the equation: 
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Output pulse duration, /., (l - 4 ° at 5 ' , - / - ^ seconds 

n If 

(For flat top filters with six, eight, or more poles, the 
undulation ringing can greatly exceed t p given by this 
equation; see reference 2). 

This filter behavior tends to place a limit on how 
close together in time noise pulses can be before the 
system starts to become ineffective. If, for example, 
a train of pulses that are too close together to allow 
the filter response to decay between pulses comes 
along, then a continuous output will build up at the 
filter's center frequency (this implies another benefit 
brought about by offsetting the first filter's center fre¬ 
quency I. In this design, the first filter's t p is just slight 
ly longer than 2 milliseconds, so it cannot easily be 
undone by two of our most ubiquitous noise sources: 
the woodpecker and those offensive light dimmer con 
trols. The repetition rate of the woodpecker is fairly 
slow and, although its pulse duration is longer than 
most noise forms called "impulse," it is still short 
enough to be suppressed by this system. Dimmer con 
trol pulses are very short when they output from a typi 
cal receiver, but they come twice per cycle at the 60-Hz 
power line rate, or every 8.3 milliseconds. To avoid 
this prevalent noise type, the first filter should have 
a bandwidth preferably three or four times 120 Hz and 
should avoid a center frequency at or close to three 
times 120Hz in particular. Calculations indicate that the 
system is effective against most automobile igni¬ 
tion noise up to 2000 or 3000 RPM for most modern 
autos. If you're in an area with heavy, multiple-auto 
ignition noise, it may be advisable to increase the 
bandwidth of the first filter in this system. 

Noise from those devices that pass current through 
brushes to an armature, such as some motors and 
generators, probably can't be helped because the arc 
ing often, produces very high repetition rate random 
impulse-like electrical noise. 

Figure 4 is a detailed schematic of the complete se 
quence. 

operating strategies 

I have always tried to limit the number of controls 
in any add-on device as much as possible. But if the 
number of controls must grow, at least most of them 
should be functions that require infrequent attention. 
In the CAL system, marketed as Model 10, there is 
just a Mode control and an output power level con 
trol, which are rarely adjusted. The system shown here 
adds only a toggle switch. For me, it has resulted in 
a significant improvement: I can now have ear pro¬ 
tection in any position of the mode switch. If I'm listen¬ 
ing to a strong signal that isn't being battered about 
by QRM, I use the wide band position, include the first 
limiter, and adjust the input level from my receiver to 
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place the signal just at the edge of limiting. If QRM 
appears, I switch to the 100-Hz bandwidth position, 
then if — and only if — my desired signal is being 


"dimpled" by the interference, I toggle out the front 
limiter. I bring in the CAL only if a signal is quite weak, 
or if the keying is fast and I want to reduce ringing. 


BANDPASS 400-900HI 


0.5V P-P LIMITER 



0 . 01 - 1 %, 

8 PLACES 


BANDPASS 700-800 Hz 


£ 392k 

s /•/« 

i 20 k 

J 

* 332k 

1 

120 k 

J 

■392k 

' 1% 

120 k 

J 

►3 32k 

1% 

Js. 




//4^\ 



//4^\ 




4/36 — 



4/36 



4136 



4136 / 


H 

1.33k 

'1% 


It tOOk 

1.33k 

1% 


hok 

1.33k 

;i% 

rpT 


+ I IQUF 
•'T' lev 



100k i/4 

2 4/36 


^OOH% 

[# Tl50k-i% 


i 3.24k 1/4 

<(»/ * 4,36 
>1 /* 5 > 

V fcS 

-f 5V 


100k 

|-Wv— 

took [ 0 r 


f/4 \fOl 
4136 T 


+5V 

o 

k 

-VA — 


^ >36* 


>47k 



fOuF 

16V 741 

O.OOI 

5% |— 

s v- l 

tf u 


u 1 kl . 

27k 



N 1 FI 1 

IN4148 


N 1 FI 

IN4148 



22k 

2.2 k l 

\2.2k 


■Ik i 


T 22k 







%22k 







0.01 

l*/° 13 


1/4 

4/36 



Except as indicated, decimal 
values ol capacitance are in micro¬ 
farads UiF); others are in picofar¬ 
ads <pF); resistances are in ohms, 
k » 1,000 M = 7,000,000 


ALL RESISTORS ARE I/4W 
CARBON-FILM, 5% UNLESS 
OTHERWISE MARKED 


I3-I5VDC 

300mA 


lOOHz 

FILTER] 


- IQOOpF I- 

16V To All 
-O -f-IOV 


500 Hz / 
BW C> g 

MODE I_ 

CONTROL 


-GROUND 
RETURN 1 
ALL BOARDS 


LS 

1 

-o- 

1 

jkJ m 

IOO pF 
16V 

if 

1 

1 rfl 

?7o» 

| 

t 380 

IT^ 




^2,3,4,5, ✓ 

-pN O. I 

rb ^ 

S 

1 IOpF^ 

— ^ 7, II, 12 

20% 

l 


4-6 OHM 
SPEAKER 


fig. 4. CW processor schematic. 
















Receiver AGC is off and/or defeated by a moderate- 
to-low rf/i-f gain setting. 

As you can imagine, using the CAL for a weak sig¬ 
nal with QSB can be quite a chore and sometimes 
impossible (see fig. 2). If not too much QRM is pres 
ent in the 500-Hz bandwidth filter, the first limiter can 
iron out this QSB very nicely by advancing the signal 
level from your receiver to absorb the variations. By 
this action, the signal level fed to the CAL is forced 
to remain in the optimum region. Using these tech¬ 
niques, I've been able to copy some DX signals that 
I couldn't read any other way. 

final comments 

So what about the bad news? Certainly there always 
has to be some bad news. Well, this is it: because the 
CAL system suppresses signals on the skirts of the 
100 Hz bandwidth filter, the system starts to tune more 
like 70 or 80 Hz with extremely steep skirts. This can 
make tuning difficult unless you have plenty of band- 
spread, very little backlash, and a frequency-stable re 
ceiver. Using a Kenwood TS-820S, whose tuning rate 
is around 20 kHz per 360 degrees of knob rotation, care 
is required but it's not difficult with a 100-Hz band¬ 
width filter. I found that the approximate limit for oper 
ation with this tuning rate was a 40 Hz bandwidth 
Gaussian filter in place of the 100-Hz Butterworth cas¬ 
cade unit. . . and knob control is very demanding with 
that! 

Based upon my observations, the limit on how nar 
row our useful bandwidth can be for copying most CW 


signals is determined by the prevalent mechani¬ 
cal/electrical tuning (bandspread), frequency stabili¬ 
ty, and inherent bandwidth requirements based upon 
transmitted information rates. Limitations for most 
equipment are in the order given, with the mechani¬ 
cal problem about ten times worse than the stability 
factor and the stability limit about ten times worse than 
the information bandwidth limit. To test this, a spe¬ 
cial multi pole 10-Hz bandwidth filter was prepared. 
Copy was nearly impossible with the straight filter, but 
quite good when using CAL. Tuning was next to im¬ 
possible, but once a signal was tuned, it usually re¬ 
mained in the window for the duration of a typical 
QSO. 

Now that frequency synthesizers have found their 
way into our gear, the 10-Hz bandwidth will become 
more and more practical. To make these narrow filters 
easier to work with, and for more other subtle reasons, 
visual aids to aural-only detection should be applied. 3 
One thing I can tell you for sure: the bands seldom 
seem crowded when you're using these very narrow 
bandwidths! 

references 

1 Don Hildreth, W6NRW. 'Carrier Activated CW Reception Limiter ‘ ham 
rad to, September, 1985. page 113. 

2 Don Hildreth. W6NRW. "Graphic Filter Design. ‘ ham radio, April, 1984. 
page 37. 
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COMPUTER HARDWARE USERS 


CABLES CONNECTORS ACCESSORIES 

Whatever your needs — Home-Office-Field 
We can supply most of your needs regardless of quantity. 
Standard Stock — Custom Made-No Problem 


Digital Equipment Corp. 
Raytheon Data Systems 
Texas Instrument 


MANUFACTURER’S EQUIVALENT CABLE ASSEMBLIES 

IBM 
WANG 
Data General 


Coaxial 

Twinaxial 

IEEE-488 


EMI/RFI CABLE ASSEMBLIES STANDARD 

RS-449 V.35 Modem/Print. 

Centronics Extended Distance 

Dual Coax Ethernet Coax/Thin 


All Pin Configurations - Standard or Special 


ALTOS 
CORVUS 
Hewlett Packard 


4, 6, 8, Modular 
Null Modems 
Gender Changers 


CONNECTORS 

EIA RS-232 V.35 (M/34) Ribbon Headers Telephone 
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Centronics RS-232 Ribbon Sub Min. RG62 RS-232 Kits 

EMI/RFI - Standard - Gold Plated As Required - Crimp/Solder 

FIBER OPTIC MULTIMODE CABLES AND CONNECTORS 
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Every Wire (Pair) Required. Manufactures Plenum Equivalent 

DATA SWITCH BOXES 
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ACCESSORIES 

Racks - Rack mounted switch assemblies - Junction/patch panels - Custom wall outlet plates for every data usage. Tools 
- Smart cables - Breakout boxes - Test equipment - Surge (Spike) protected outlet strips - Cable ties/clamps. Much 
more. 


Double Shielded 
Shielded 
Un Shielded 


U.P.S. STANDBY POWER 

There is no warning for power problems. The results are evident. Data loss - equipment failure - lost work & time - expen¬ 
sive repairs. Micro processors are fantastic but fragile devices and need insurance as much as your car. At least consider 
protecting crucial operations such as accounting, order entry, inventory control, CAD/CAM, production machinery etc. with 
a power standby system. We have units to protect your application from 125VA to 1000VA. 


INSTALLATION 

Here’s a tough nut we can crack for you. The Engineering Department is available to review your requirements and recom¬ 
mend the proper cable and installation methods. Your low voltage wiring network can be custom designed for today as well 
as tomorrows needs. The Installation Division will fully install or modify your in-house wiring in new/existing buildings and 
provide complete documentation. 
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Sel-Tronics, Inc., Dept. A, 9311 Annapolis Rd., Lanham, Md. 20706, Phone: (301) 731-8080, Fax: (301) 731-0961 

American Express - VISA - Master Card - Honored’ 

Call or Write for Order - Information - Free Catalog 
Shipping: 24 hrs. Catalog - 30 Days Money Back - 1 Yr. Warranty” 
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the ZX-81/TS-1000 controller: 

new use for old computers 


Four ICs 
in interface circuit 
link computer 
to outside world 

If you've been to a hamfest lately, or read the back 
pages of any ham magazine, you've probably seen 
used Sinclair ZX 81 or Timex/Sinclair 1000 computers 
selling for less than $20'. During their heyday several 
years ago, these computers — which originally sold 
for $ 150 led the way for the personal computer rev 
olution. Although the Sinclair was somewhat of a mar 
vel at the time, many users soon became disenchanted 
with it, either because of the small membrane key¬ 
board or the difficulty of interfacing it with peripherals. 

Perhaps you've stashed a Sinclair away in your junk- 
box in hope of someday finding something to do with 
it. Or perhaps you've toyed with the idea of picking 
one up at a hamfest but decided otherwise. Never 
mind. Get one. 

This small, cheap-looking computer has computing 
power comparable to much more expensive computer 
systems. The key to harnessing this power is simply 
finding an application that takes advantage of its 
strengths. For while it's admittedly disappointing for 
some applications such as word processing - it's 
ideally suited for control functions and can be easily 
programmed for a host of controller applications. 

*TS 1000 computers l$19 95). manuals ($2 95) and accessories are avail 
able from Hal Ironix. Inc Dep t HR P O Box 1101. Southgate. Michigan 
48195 313 285 1/8?) 


In this article, a simple circuit using only four ICs 
will be presented, along with a detailed example of 
how to program your ZX-81 or TS 1000 computer for 
I/O applications. 

' With this simple interface circuit attached to the 
memory port of either the ZX-81 or TS-1000, you in¬ 
stantly gain the ability to communicate with the out¬ 
side world. All sorts of applications including satel 
lite rotor controls, digital voltmeters, morse code send 
ing and receiving, educational demonstrations, and 
many others — easily follow once you have an I/O 
interface. I developed this circuit as part of a school 
project a few years ago when I used the TS 1000 
1 computer to send and receive F(TTY. Since then, I've 
I been selling the information contained herein at cost 
| to Sinclair computer enthusiasts at local hamfests and 
by mail. If you've been wondering how to make your 
ZX-81 or TS-1000 perform some useful tasks and are 
interested in a neat one-evening construction project, 
then read on. 

what is a controller? 

While many computers are used for computation, 

, word processing, or data management, many "small" 
computers, composed of just a microprocessor and 
a handful of special purpose chips are built strictly for 
controller applications. For example, microprocessor 
circuitry is now being installed in automobiles. A 
microprocessor is programmed with a simple looping 
program which does nothing more than continuously 
’ monitor various data lines and then branch to a par 

By Ted S. Rappaport, N9NB, Box 283, Electri¬ 
cal Engineering, Purdue University, West 
Lafayette, Indiana 47907 
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fig. 1. Schematic diagram for interface circuit. 


ticular part of the program when specific lines change 
state. These input/output (I/O) lines are connected 
to hardware such as the fuel level sensor, the climate 
control console, and thermal sensors under the hood 
and inside the passenger compartment. When the 
driver wants to raise the car's interior temperature to 
75 degrees, he or she simply presses a button, enter¬ 
ing the desired temperature. The program in the micro¬ 
processor is continuously looping, searching for any 
changes on the input data lines. Finding that the driv¬ 
er has activated the climate control console line, the 


program then branches to the subroutine designed to 
effect the desired climate change. In this case, the in¬ 
formation (75 degrees) is read into the microproces¬ 
sor as digital data and a control signal is then sent out 
to the appropriate hardware (in this case, the heater 
on/off switch). While this is an overly simplified ver¬ 
sion of what is actually done in today's automobiles, 
it illustrates one typical application of a controller. 

Of key importance is the fact that in such applica¬ 
tions, the computer is programmed to handle a var¬ 
iety of input signals from external hardware and issue 
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Table 1. Parts list for Interface Circuit (fig. 1). 


Schematic Designator 

Description 

Cl 

4.7 nF electrolytic capacitor 

C2 

0.01 ;uF capacitor 

C3 

0.01 fi F capacitor 

EC1 

2 row x 23-pin edge connector; 
0.1-inch spacing, pin length at 
least 0.75-inch. 

PI 

DB-25 D-connector 

U1 

74LS32 Quad two-input OR chip 

U2 

74LS00 Quad two-input NANO 
chip 

U3 

74LS30 Eight-input NAND chip 

U4 

8255 Programmable Interface 
Chip 


Miscellaneous: 

Single-sided circuit board 
Jumper wires (at least 10) 

Project box (UNIBOX UB270-130) 


control signals to external hardware. Because the con¬ 
troller's program is simple and repetitive, it doesn't re¬ 
quire much memory. The 2K of memory in the ZX-81 
and TS-1000 is more than enough to program even 
a very complex controller. We can also take advan¬ 
tage of the computer's high-level (BASIC) capability 
to simplify programming the computer for controller 
applications. An understanding of machine language 
is important, though, since the I/O interface must al¬ 
low exchange of data on a level lower than BASIC; 
this is done through the PEEK and POKE commands. 

description of interface circuit 

With the interface circuit connected to the port of 
the ZX-81 or TS-1000, very fast data signals which ap¬ 
pear on the data bus of the computer can be latched 
by the interface circuit and sent as control signals to 
external hardware (I/O devices). Similarly, in conjunc¬ 
tion with the interface circuit, the computer can read 
in very fast asynchronous signals from external hard¬ 
ware and use the received signals to make decisions 
in software. 

Figure 1 is the schematic diagram of the I/O inter¬ 
face. A complete parts list appears in table 1. Note 
that no power supply is needed for the interface; all 
four ICs are conveniently powered by the computer's 
internal 5-volt supply (the voltage is made available at 
the computer port). 

The heart of the interface circuit is U4, the 8255 
programmable peripheral interface (PPI) chip. U1, U2, 
and U3 serve to decode the address signals generat¬ 
ed by the computer. After much trial and error, I found 
that it's possible to access four I/O address locations 
not used by any of the internal computer circuitry. 
These address locations — 115, 119, 123, and 127 


Table 2. Operation of 8255 PPI chip (U4). 

I/O Instruction 

I/O Address 

Operation 

IN 

115 

Read from Port A 

IN 

119 

Read from Port B 

IN 

123 

Read from Port C 

OUT 

115 

Write to Port A 

OUT 

119 

Write to Port B 

OUT 

123 

Write to Port C 

OUT 

127 

Write to Control Register 


(decimal) — may be used to activate any external de¬ 
vice connected to the computer port. For my inter¬ 
face circuit, these four address locations are used to 
access U4, which in turn directs the flow of data be¬ 
tween any external I/O device and the computer. In 
table 2, I've shown the addresses used to control the 
various registers of U4. While some of the basics on 
how to use U4 will be spelled out later, more details 
can be found in any Intel databook or in Goldsbrough's 
Microcomputer Interfacing with the 8255 PPI Chip. 2 

When laying out a circuit board, I decided that it 
would be nice to have the ability to add components 
or connectors in the future. (I call the upper portion 
of the board, where there are several inches of 0.1 -inch 
spaced holes, the "playground" area.) By adding com¬ 
ponents and appropriate jumper wires, it's possible to 
expand the interface circuit. The single-sided board 
negative I used, shown in fig. 2, requires ten insulat¬ 
ed jumper wires, which should be installed on the foil 
(non-component) side of the circuit board after all of 
the components are mounted (see table 3). Pads are 
available on the circuit board to permit easy soldering 
of each jumper. I used 16 additional jumpers to route 
all eight of the port A pins, four of the port B pins, 
and four of the port C pins from U4 to molex pins at¬ 
tached on the top of the "playground" area. These 
molex pins mate with headers that allow for easy de¬ 
tachment of the data lines from I/O hardware or from 
a case-mounted connector. You may wish to use just 
one pin or all 24 pins available on U4 for I/O data ex¬ 
change. Use as many data lines as you need. 

The component layout for the circuit board (fig. 2) 
is shown in fig. 3. When mounting the ICs, be sure 
to use a low-wattage soldering iron since the pads are 
delicate. I strongly recommend the use of sockets for 
each of the four ICs. 

All of the components are easy to acquire at ham- 
fests or electronic shops, except, perhaps, for the 
46-pin connector used, to attach the interface board 
to the computer memory port. The connector type is 
the same as that used on ZX-81 and TS-1000 peripher¬ 
als such as the 16K RAM-pack, and is a 46-pin, double¬ 
sided edge connector with 0.1-inch spacing between 
contacts. I found that you have to buy a sturdy con- 


December 1986 B28 33 





Table 3. Jumper wires needed for single-sided circuit 
board. These connections should be made after all other 
components are soldered in place. 

Jumper between: U1, pin 11 and U4, pin 36 
Jumper between: U2, pin 5 and EC1, pin 19B 
Jumper between: U2, pin 6 and U3, pin 1 
Jumper between: U3, pin 2 and EC1, pin 7B 
Jumper between: U3, pin 3 and EC1, pin 8B 
Jumper between: U3, pin 8 and U4, pin 6 
Jumper between: U3, pin 16 and U1, pin 16 
Jumper between: U4, pin 8 and EC1, pin 10B 
Jumper between: U4, pin 9and EC1, pin 9B 
Jumper between: U4, pin 27 and EC1, pin 1A 


nector and be prepared to use a Dremel tool or a small 
saw to cut a larger connector down to correct size. 
But be careful: I bought a 60-pin, double-sided con¬ 
nector for less than $1.00 from a military surplus dealer 
at a hamfest. Eagerly, I took the new connector home, 
cut it to length, and soldered it onto the board. After 
a couple of trial fits on the memory port of the com¬ 
puter, the connector crumbled into tiny bits! It was 
a real pain to have to chop off the faulty connector 
and resolder a new one onto the board! You may no¬ 
tice from the accompanying photographs that the con¬ 
nector must be soldered on the foil side of the board, 
and protrudes from that side of the board as well. 

The entire cost of components is well under $20. 
The construction time is fast — one evening should 
be sufficient. 

I was able to find attractive plastic boxes made by 
UNIBOX 3 at a local Radio Shack for less than $4.00 


CZ 



fig. 3. Component layout for interface circuit — view from 
component side (EC1 mounted on FOIL SIDE). 


each. The circuit board fits neatly inside, and only two 
rectangular holes have to be cut into the box: a 0.5 
x 2.5-inch hole to allow the 46-pin edge connector to 
protrude from the circuit board, and a 0.5 x 1.0-inch 
hole on the other side of the box to allow I/O wires 
to be fed to a D-connector mounted on the exterior 
(see fig. 4). 

interface software 

You can add all the hardware in the world to a com¬ 
puter, but it won't serve any useful purpose unless you 
know how to program the computer effectively. In this 
section a programming example for an application of 
the interface circuit is given, and a review of how to 
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use the ZX-81 and TS-1000 PEEK and POKE com¬ 
mands is presented. 

In order to perform data exchanges between I/O 
devices and the computer, it's first necessary to set 
up the I/O format on U4. U4 has 24 pins which are 
usable for data exchange. These pins are partitioned 
into three groups of eight pins. Each group of eight 
pins is called a port. 

Any program written for I/O control should begin 
with an initialization stage. This initialization sets the 
data flow of the ports on U4. For example, you may 
want to program the eight data lines of port A for out 
put (data sent to the I/O device from the computer) 
and have the eight data lines of port B programmed 
for input (data sent from the I/O device to the com 
puter). While ports A and B require that all eight pins 
be either input or output, Port C allows for four pins 
to be input and four to be output. Of course. Port C 
may also be programmed for all eight pins to be either 
input or output. 

While it's beyond the scope of this article to teach 
assembly language and machine code programming, 
let me assure you that mastering them is not difficult. 
If you find the example in this article insufficient, you 
may wish to read Chapters 1, 2, and 5 in Hordeski's 
easy-to-read Microprocessor Cookbook , s 

The following example details the simplicity of con¬ 
troller software. Consider an alarm system that moni 
tors the status of eight windows around the house. 
Three wires (ground, + 5 volts, and data status line) 
could be routed to each of eight windows. A small 
switch could be mounted by each window so that if 



fig 4. The circuit board fits into the project box. Be sure to use 
an edge connector with at least Vt "of pin length to allow clear¬ 
ance when the circuit is plugged into the computer port. It is 
convenient to have a connector on the back of the box for easy 
access to the I/O lines 


the window is shut, a low-logic level (0 volts) exists 
on the status line. If any of the windows are open, 
we want the computer to recognize this and sound 
a bell. For this case, we may use all eight pins of Port 
A for input (to read the status of each of the eight win¬ 
dows), and may use Port B for output (although we 
need to use only one of the eight pins to output a con¬ 
trol signal for the alarm). Since we re not using Port 
C, we don't care what it's programmed for! By con 
necting the status line of each window to individual 
pins of Port A, we can read the status of each win¬ 
dow into the computer. If we use a simple transistor 
switch to activate the bell, one of the pins from Port 
B can be connected to the gate of the transistor 
switch. When a window is discovered to be open, the 
computer then sends out a high-logic level (5 volts) 
to the alarm pin (as well as the unused pins) on Port 
B, thus sounding the bell. 

The programming steps for the window alarm ex¬ 
ample would be as follows: 

1. Initialize data flow on Ports A, B, and C. 

2. Look at input data from windows. 

3. If any of the input data bits is "1," sound alarm. 

4. If the input data is all "0," then go to step 2. 

Notice that once the data flow is initialized on U4, no 
further action is required unless the power is un¬ 
plugged or U4 is reprogrammed. The assembly Ian 
guage program for this example follows (comments 
are included in parenthesis): 

(Initialization): 

LD A, 144 (144 10010000. This programs Port A for 

input, Ports B, C for output. We load 144 into ac¬ 
cumulator.) 

OUT 127,A (Send contents of accumulator 144 to the 
U4 control register, which is located at ADDR 127.) 

(Monitor window data): 

loop IN A, 115. (Read in the eight-bit data at ADDR 
115 Port A - and place data in the ac¬ 
cumulator.) 

JRZ, loop (Compare the eight bits of data in accumu¬ 
lator to the all-zeros data word 00000000; 
if all eight bits of data are zeros, then jump 
back to loop and continue to monitor.) 

(If program gets to this point, then sound the alarm!): 

LD A, 255 (Load accumulator with all ones word, 
11111111 ) 

OUT 119, A (Send the accumulator contents out to 
Port B; this sounds the alarm). 
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The preceding assembly language program, when 
written in machine code, requires only 13 bytes of 
memory! It's entered into the computer via the POKE 
command. The conversion from assembly language 
mnemonics to machine opcodes is given in the ZX-81 
and TS-1000 user's manual appendix. For the previ¬ 
ous program, the machine code that would be POKEd 
is given in table 4. 

Although not illustrated in this example, it's simple 
to monitor your I/O activity by going back and forth 
between BASIC and machine code. In this case, it 
would have been easy to see on the computer moni¬ 
tor which particular window (or windows) were 
opened by simply passing the Port A data to the b-c 
register pair in the machine code program, and then 
by returning to BASIC by way of the USR command 
and printing the value of the USR function on the 
screen. 

machine code within BASIC programs 

To store a machine code program in the computer, 
you must first set aside some memory by using a REM 
statement (usually the first line in your BASIC pro¬ 
gram). The REM statement sets aside successive 
memory locations which are never written over, there¬ 
by allowing you to store machine code programs safe¬ 
ly. Machine code programming may be saved on tape 
by using the SAVE command. 

A machine code program is run in sequence by us¬ 
ing the USR command, where the argument of the 
USR command is the address location of the first ma¬ 
chine language opcode. The computer returns to the 
BASIC program once the return opcode (201) is en¬ 
countered, and assigns the decimal value of the b-c 
register contents to the variable name to which the 
USR function is equated. In this manner, it's possible 
to pass data from machine code programs (and con¬ 
sequently data from external I/O devices) to BASIC. 
Or you may use the PEEK command in a BASIC pro¬ 
gram to retrieve data from dedicated memory locations 
in your machine code storage area (REM statement). 
Either way, it's a simple chore to transfer data from 
"real world" devices to your computer. By using the 
POKE command in a BASIC program, you may place 
data from BASIC into data locations of machine code 
programs. Note that this allows you to make keyboard 
entries and have these entries correspond to control 
signals for I/O devices. 

When you're ready to enter a machine code pro¬ 
gram into the computer, clear the computer's memo¬ 
ry and begin as if you were writing a new BASIC 
program. Enter line 1 as a REM statement, filling in 
as many letters in the REM statement as the number 
of bytes required in your machine program. It doesn't 
matter what you put in your REM statement, because 
after you POKE in your machine code, the REM state- 


Table4. Machine code for programming example. 


Assembly language instruction 

Machine code 

LD A, 144 

62 


144 

OUT 127, A 

211 


127 

IN A,115 

219 


115 

JRZ, -4 

40 


252 

LDA, 255 

62 


255 

OUT 119, A 

211 


119 

RETURN TO BASIC 

201 


ment appears as gibberish on the screen. For the 
TS-1000 computer, the first usable memory slot once 
a REM statement is entered is 16514. Use the POKE 
command to place the machine code in sequential 
memory locations starting with 16514. Upon complet¬ 
ing the entry of your machine code, place the opcode 
201 in the very next memory location following your 
last program opcode. At this point it's a good idea to 
save your program on tape (even though it's only a 
single REM statement). That way if anything happens 
— for example, if junior unplugs your computer — you 
don't have to re-POKE your entire program! For the 
machine code in table 4, the following would be en¬ 
tered into the computer: 

POKE 16514,62 (press enter) 

POKE 16515,144 (press enter) 

POKE 16516,211 (press enter) 


POKE 16524,211 (press enter) 

POKE 16525,119 (press enter) 

POKE 16526,201 (press enter) 

To verify that the opcodes are in memory, you may 
use the PEEK command to see what the computer has 
stored. 

In order to execute your machine code, you must 
have a BASIC statement that contains the USR func¬ 
tion. For the window alarm program, your next pro¬ 
gram line (following the REM statement) could be: 
2 LET WINDALARM = USR (16514) 

By running this simple two-line BASIC program, your 
Sinclair computer executes the machine code and is 
able to communicate with external devices through the 
use of the interface circuit! If the machine code was 
written so that the Port A data was placed in the b-c 
register pair, then the value of the variable WIND- 
ALARM, which can be viewed on the monitor with 
a simple print statement such as 
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20? 


3 PRINT WINDALARM, 

could be displayed to indicate (in decimal) the win¬ 
dow status. 

When using the Sinclair computer as a controller, 
more than one machine language program can be 
used. It's often convenient to write several subroutines 
in machine code, and store them all in succession in 
the first REM statement. (Remember they're separate 
to the computer when they end in the opcode 201). 
In this manner, your BASIC program can consist of 
various calls to the subroutines by using USR func¬ 
tions with the appropriate memory addresses in the 
REM storage. 


conclusion 


In this article I’ve discussed the hardware and soft¬ 
ware needed to provide a communication path be¬ 
tween your Sinclair ZX 81 or Timex/Sinclair 1000 
computer and any I/O device you might wish to con¬ 
trol or monitor. With the price of these computers so 
low, even those with the tightest budgets can afford 
to experiment with computer control! By now, you 
may already have an idea for a controller application 
in your shack. If you take an evening out to build this 
circuit and spend a few hours reviewing machine lan¬ 
guage programming, you’ll be amazed at what your 
small but mighty computer can do! 
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amateur FSK: 

a spectral analysis 


Experimenting with 
spread spectrum? 
Try this technique to assess 
interference levels and 
determine channel separation 


The increasing use of digital communications 

techniques in Amateur Radio, be it in RTTY, packet 
radio, AMTOR, or spread spectrum, makes it increas¬ 
ingly important for the Amateur to understand the 
characteristics of digital transmissions. This article dis¬ 
cusses frequency-shift-keyed (FSK) waveforms, the 
simple technique of associating one frequency with 
one level of a digital code and another frequency with 
the other level. In essence, the binary code switches 
a carrier between two frequencies, a method well- 
known in the 1920's, when radio teleprinting first 
became popular. 

This article investigates the spectral characteristics 
of FSK signals — that is, the way an FSK signal 
occupies a segment of the radio frequency spectrum. 
Spectral analysis is invaluable for assessing interfer¬ 
ence levels, deciding on adjacent channel spacings, 
and more recently for spread spectrum experimenta¬ 
tion. Although two computer-simulated and experi¬ 
mental studies of some FSK signals have appeared in 
the Amateur press, neither study was based on mathe¬ 
matical analyses of the waveforms, and consequently 
encouraged little further investigation among the Ama¬ 
teur community. 1 ' 2 Here, the mathematical results will 
be provided, thus encouraging readers to experiment 
with FSK waveforms on their personal computers. 

generating an FSK signal 

There are two basic ways to generate an FSK sig¬ 
nal. Referring to fig. 1, we see two oscillators running 
at frequencies// and f2, with a switch to choose one 
or the other as an output. The switch is controlled by 
the ones and zeros of a digital bit stream: fi is sent 
for a zero, f2 for a one. The resultant frequency-shift¬ 
keying waveform has discontinuous phase at the tran¬ 
sition times, meaning that when a bit changes from 
one to zero or zero to one, the phase of the fi oscil¬ 


lator is completely unrelated to the f 2 oscillator phase. 
Some Amateur modems generate FSK this way, 
usually from two separate switched audio oscillators 
fed into the microphone input of an SSB transmitter. 

In fig. IB, the FSK waveform is generated by feed¬ 
ing the digital bit stream to a single voltage-controlled 
oscillator. The oscillator is instantly pulled from // to 
f 2 and back again, but because there's only one oscil¬ 
lator the phase is continuous at the bit transitions. The 
old trick of FSKing the VFO of a transmitter by tying 
an element of the oscillator tube to the keyboard also 
yields continuous-phase FSK (CPFSK). Modern radio 
modems generating audio FSK using an integrated cir¬ 
cuit like the XR2206 can also generate CPFSK. The 
difference between discontinuous phase FSK 
(DPFSK) and CPFSK is illustrated in fig. 2, where the 
bit stream and the two frequencies it controls are plot¬ 
ted. Note the sharp-edged transitions in DPFSK when 
the carrier switches between fi and fr, these are not 
present in the smoother CPFSK waveform. As shown 
later, the spectral responses of these two kinds of FSK 
are quite different. 

overview of spectral analysis 

An easy-to-understand time-domain representation 
of FSK signals, that is, how they would look on an 
oscilloscope, is shown in fig. 2. However, it's much 
more interesting to consider what these signals look 
like in the frequency domain. Questions such as how 
much bandwidth they occupy, why some seem to 
splatter more than others, and what kind is better for 
radioteleprinting than for spread-spectrum communi¬ 
cations are answered. It's important to realize that we 
have a couple of parameters to play with here — the 
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fig. 1. Two methods of generating frequency-shift-keyed 
signals. 
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fig. 2. Continuous and discontinuous phase FSKas viewed 
on an oscilloscope. 


words per minute or baud rate, and the frequency shift 
(from fi to f 2 in Hertz).* For instance, an 850-Hz shift, 
60 wpm Baudot FSK signal has a different spectrum 
than the same signal shifted by only 170 Hz. By explor¬ 
ing different shifts and data rates, it's possible to 
optimize FSK for one's particular needs. 

The time-domain representation of an FSK wave¬ 
form is converted to a frequency spectrum by a mathe¬ 
matical operation known as a Fourier transform. How¬ 
ever, the Fourier transform of one sequence of 
characters differs from the transform of other 
sequences of characters. What we really want is a spe¬ 
cial average (called an ensemble average) that smooths 


'Strictly speaking, there’s really only one parameter in FSK, i.e. the phase 
change per bit, but Amateurs usually speak of frequency shift and wpm or 
baud rates. With respect to the center radian frequency (wi + cj 2 )h, the phase 
change per bit y is expressed in radians as t/. - T x shift x jr where 7" is the 
data bit length in seconds, and the shift is in Hertz. 


5 REM **** PROGRAM FRAGMENT FOR 

CALCULATING SPECTRAL DENSITIES **** 

10 DIM XC2003 > YC2003 

20 PI=3.14159265:T=0.022:SHIFT=1?0:W1=90 
83.3*2*PI :W2=C3083.3+SHIFT3*2*PI:UIS=C908 
3.3+SHIFT/2-1000}*2*PI 
30 AL = CW2+WlV2:BE=CW2-W]}/2 
40 FOR 2=1 TO 200 

50 REM **** DISCONTINUOUS PHASE CASE 
USE LINES 60 TO 120 **** 

60 A=WS+2*20*PI-U] :B=US+2*20*PI+W1 =C=WS+ 

2*20*PI-U2:D=US+2*20*PI+W2 

20 Al=CSINCA*Tz233*CSINCA*Tz233 

80 Bl=CSINCB*T/233*CSINCB*T/233 

90 C1 = CSINCC*T/233*CSINCC*T''233 

100 Dl = CSINCD*T/23 3*CSINCD*Tx-233 

110 E=AlztA*A3+BlztB*B3+Cl/CC*C3+Dl.'CD*D 

3 

120 YC23=10*CLOGCE3 :XC23=C2-1003*10 
130 REM **** CONTINUOUS PHASE CASE 

- USE LINES 140 TO 280 **** 

140 W=C2*PI*2*103+WS 

150 A=W-W1 

160 B=U-W2 

170 C=U+W1 

180 D=W+U2 

190 E=W-AL 

200 F=U+AL 

210 G=2*SINCA*T/23*SINCA*T/23*SINCB*T/23 
*SINCB*T/23 

220 H=2*SINCC*V2 3*SINCC*T/23*SINCD*T.-'23 
*SINCD*T/23 

230 I=(l/A-lzB3*Cl/'A-l/B3 

240 J=C1/C-1/D3*(1/C-1/D3 

250 K=T*Cl-2*COSCE*T3*COSCBE*T3+COSCBE*T 

3*COSCBE*T33 

260 L=T*Cl-2*COSCF*T3*COSCBE*T3+COSCBE*T 

3*COSCBE*T33 

270 M=G*I/K+H*J/L 

280 YC23=10*CLOG(M3:XC23 = (2-1003*10 
290 NEXT 2 

fig. 3. Atari BASIC listing for calculating the spectral den¬ 
sity of FSK signals. The trig functions evaluate their argu¬ 
ments in radians (not degrees). 


the results of all the possible Fourier transformed bit 
streams that you could send. In a sense, this kind of 
ensemble averaged Fourier transform (now called a 
power spectral density or simply a spectrum) best 
represents the FSK spectrum of any message, because 
it's the average of the spectra of all possible messages. 
This spectrum, then, tells you how much power exists 
in a given bandwidth anywhere near the center fre¬ 
quency of the FSK signal. 

There are at least three ways to evaluate the 
ensemble-averaged Fourier transform of an FSK sig¬ 
nal. The first, a mathematical approach, uses a 
description of FSK (either with discontinuous or with 
continuous phase at the bit transitions), to calculate 
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the spectral density equation. 3 The techniques are 
powerful and the equations are easily plotted and 
evaluated. 

The second method for evaluating the spectra of 
FSK signals is to simulate a time-domain FSK signal 
on a computer, take its Fourier transform using a well 
known algorithm, and repeat the process several times 
using different bit streams. The results are ensemble- 
averaged so that a spectral density begins to emerge 
from all the individual Fourier transforms. This method 
requires considerable computer memory and must be 
repeated every time you want to try a new bit rate or 
shift. 

The third method for obtaining FSK spectral densi 


ties is to use an FSK modulator and spectrum analyzer. 
However, once you use the equations and come up 
with a shift and baud rate that you like, you can bor¬ 
row a spectrum analyzer and see how well your the¬ 
ory meets with practice. (See the two examples at the 
end of the article). 

mathematical analysis 

The spectral densities of DPFSK and CPFSK have 
been calculated by an exact mathematical analysis. 
These results are then easily plotted on a home com 
puter, in fact, we'll give some BASIC listings to help 
you along. The equation for the power spectral den 
sity of discontinuous-phase frequency-shift-keying is 
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shown in table 1. The equation for continuous-phase 
FSK is shown in table 2. 

Frequency shift is simply f 2 -fi (Hz), or w2 - oi in 
radians per second. Note that if your frequency shift 
is in a whole number of Hertz, then <o2-col is never 
an integer. 

T, the data bit length, can be found for Baudot or 
ASCII data rates and speeds in any recent edition of 
the ARRL Handbook. For the ASCII case, the data 
pulses and stop pulses are the same length (T = 3.333 
mS) for the data and stop bit lengths with 300 baud 
ASCII, so the spectral density results are exact. How¬ 
ever with Baudot, the stop pulse is often 50 percent 
longer then the data pulses. Since there are five data 
pulses for each stop bit, and the longer stop pulse 
would only result in a narrower spectrum than the 
faster data pulses, I use the data pulse time for the 
following plots. For example, 60 wpm Baudot (baud 
rate is 45.45) had T-22 mS. This should be suffi¬ 
ciently accurate for any practical purpose. 

An Atari BASIC program listing for both these equa¬ 
tions is provided in fig. 3. The program calculates 
either the DPFSK spectrum (use lines 60 to 120 and 
delete 130-280) or the CPFSK spectrum (use lines 
130-280 and delete lines 60 to 120). The result is 
placed in array Y (in dB), with the frequency (in Hz) 
in the X array. The shift and bit times can be changed 
in line 20; they are shown for 170 Hz shift, 60 wpm 
Baudot. If you link this program fragment with your 
machine-specific plotting package, you can generate 
plots like the ones that follow. Atari BASIC is suffi¬ 
ciently generic so that the listing should run on nearly 
any personal computer with few changes. 

spectral plots 

The spectral density plots, figs. 4 through 13„ are 
for two cases: the FSK signal with discontinuous 
phase, and the same signal with continuous phase at 
the bit transitions. The magnitudes are relative and are 
intended for comparison purposes only — for instance, 
to show how sidelobe levels compare from one spec¬ 
trum to another. It may be puzzling to some that there 
are no lines in these plots, no periodic signals or car¬ 
riers, particularly at fi and f2. Recall, though, that this 
is a frequency-modulated waveform with a random bit 
stream as its input, and in general this kind of modu¬ 
lation result is in a purely broad spectrum with no car¬ 
riers. The only exceptions occur when special relation¬ 
ships between fi,f 2 , and T exist, e.g. w2- «i, oj2-^oj1 
are integers or 2oT or 2(3T are odd multiples of ir/2. 
For these so-called degenerative cases, the reader is 
referred to the original Bell Labs paper. 3 

Note particularly how, in each case, the continuous- 
phase FSK spectrum rolls off much faster than its dis¬ 
continuous phase counterpart; in fact, this is a charac¬ 
teristic of all continuous-phase signals. This means 



fig. 4. FSK spectrum, discontinuous phase 850 Hz shift for 
60 WPM Baudot RTTY. 



fig. 5. FSK spectrum, continuous phase805 Hz shift for 60 
WPM Baudot RTTY. 



fig. 6. FSK spectrum, discontinuous phase 170 Hz shift for 
60WPM Baudot RTTY. 
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fig. 7. FSK spectrum, continuous phase 170 Hz shift for 60 
WPM Baudot RTTY 


fig. 8. FSK spectrum, discontinuous phase 170 Hz shift tor 
100 WPM Baudot RTTY 


fig. 9 FSK spectrum, continuous phase 170 Hz shift for 100 
WPM Baudot RTTY 
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that more energy is concentrated near the center fre¬ 
quency of a CPFSK signal, with less energy further 
from the center frequency that might cause interfer¬ 
ence with another band user. In short, CPFSK signals 
are generally more spectrally efficient than DPFSK 
ones, though spectral efficiency is subject to many 
definitions. This CPFSK advantage is very evident in 
the 300 baud, 170 Hz shift ASCII case, where the 
DPFSK signal is splattered all over the band, and the 
CPFSK spectrum begins to look like an ideal flat- 
topped bandpass filter! We'll return to this case 
shortly. 

cumulative power 

One advantage of having the mathematical expres¬ 
sion for the spectral density is that operations such 
as integration or differentiation can be performed that 
would be less accurate and more time-consuming 
using any other method. Using the expressions given 
above, the cumulative power in any FSK spectral den¬ 
sity can be calculated. By "cumulative power," we 
mean the following: imagine a frequency window, 
located at the center frequency of the spectrum, and 
ever-widening. Each time you widen the window a lit¬ 
tle, you stop and ask how much of the total power 
in the spectrum is outside your window's frequency 
limits. For example, when the window is very narrow, 
nearly all the spectrum's power is outside. As you 
widen it, less power is outside the window and your 
answer gets smaller and smaller. This is then an excel¬ 
lent measure of how well your spectrum concentrates 
its power in a given bandwidth. It can, for example, 
be used to estimate the interference levels a given 
number of Hertz from your signal, or even to design 
an optimum receiver filter that will capture as much 
signal power as possible without sacrificing adjacent 
channel interference rejection. 

The cumulative power is obtained by integrating the 
power spectral densities obtained above. This was not 
done mathematically, but instead numerically on a 
computer using the short Atari BASIC listing given in 
fig. 14. The idea is to evaluate the spectral density at 
ever-widening frequency points, each time adding up 
the result and scaling by the frequency increment. 
Numerical integration can be a subtle and tricky busi¬ 
ness, especially in computer-aided circuit analysis, but 
these spectra are nicely behaved and the algorithm 
shown works fine. Note that you use either lines 110 
and 120 (DPFSK) or lines 140 and 150 (CPFSK); the 
shift and bit times are given in line 60 (here 170 Hz 
shift, 60 wpm Baudot). The results (in dB) are placed 
in the Y array, and the window width in Hertz is in 
the X array, ready to pass to your plotting routine. 
Finally, notice how simple the formulas for the spec¬ 
tral densities become when compared to those in fig. 
3; this is the result of some clever substitutions made 



fig. 10. FSK spectrum, discontinuous phase 170 Hz shift for 
110 Baud ASCII RTTY. 



fig. 11. FSK spectrum, continuous phase 170 Hz shift for 
110 Baud ASCII RTTY. 
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by sliding the spectra down to a center frequency of 
0 Hertz (DC). 4 

The plots given in figs 15 and 16 compare the 
DPFSK and CPFSK cases of cumulative power for a 
Baudot and ASCII waveform. As one would expect 
from the previous plots, the curves with the faster roll¬ 
off are for CPFSK spectra. Note how just a few hun¬ 
dred Hertz away from the center frequency, the 
CPFSK signal has over 20 dB less power in it than the 
DPFSK one, an important consideration for evaluat¬ 
ing adjacent channel inteference. Other shifts and 
speeds can be explored using the listing in fig. 14. 

applications 

There are many additional issues one could raise 
concerning Amateur FSK transmission. One example 
is the receiver/demodulator design. It was suggested 
that the receiver filter could be optimized for minimum 
signal power loss and maximum adjacent channel 
interference rejection by using the cumulative power 
plots for a particular FSK waveform. However, the 
demodulator also has filters in it; the classical Ama¬ 
teur design uses two narrow bandwidth filters centered 
on// and /?, respectively. This type of demodulator 
filtering makes good sense when receiving FSK trans¬ 
missions of the kind illustrated in figs 4-11, because 
the filters match the power peaks in the signals, also 
centered on // and f 2 . However, the 170 Hz shift 300 
baud ASCII FSK in figs. 12 and 13 are another story; 
here the signal energy is very broad and peaked at the 
center frequency of the signal, not at fi and f2. 
Hence, as illustrated in fig. 17, the conventional Ama¬ 
teur FSK demodulator filters waste signal power; their 
sharply peaked // and f2 responses no longer match 
the spectral density. That many Amateurs shy away 
from 300 baud ASCII on the air begins to make sense 
. . . their non-optimal modems ignore so much signal 
energy that they experience high error rates under the 
usual noisy band conditions. Solutions could involve 
anything from a radically different 300 baud demodu¬ 
lator design (using a signal correlator, perhaps) to the 
simple expedient of changing the frequency shift to 
a new value large enough so that // and J'2 peaks 
reappear in the spectrum. Of course this will take up 
more bandwidth, and the former filters will have to 
be retuned for the new shift, but a definite improve¬ 
ment would be noted over present 300 baud ASCII 
error rates. 

Another issue raised in our spectral analysis of Ama¬ 
teur FSK is its application to spread spectrum com¬ 
munications. The "direct spreading" approach dis¬ 
perses the signal energy so broadly that it lies below 
the noise level; the signal hides in the mush and goes 
undetected by conventional narrowband receivers. 
The spread spectrum receiver is constructed so as to 
reconstitute the signal from all those bits of energy 


strewn here and there over the band. The question 
is, which waveform spreads the energy best? If you 
look at fig. 13, the 170 Hz shift, 300 baud ASCII 



fig. 13. FSK spectrum, continuous phase 170 Hz shift for 
300 Baud ASCII RTTY. 


5 REM *** PROGRAM FRAGMENT FOR 
CALCULATING CUMULATIUE SPECTRA *** 

10 DIM XC1601,VC 1601 
20 PI=3.14159265 
30 INC=PI/60 
40 NJ=480 

50 SUM=0:PT=0:N2=3:2=0 
60 SHIFT=170:T=0.022 
70 A=PI*SHIFT*T 
80 FOR J=1 TO NJ 
90 B=CJ-0.53XINC 

100 REM **** DISCONTINUOUS PHASE CASE 
—- USE LINES 110 AND 120 **** 

110 YF=2*SINC CB+AV231tSINC CB + A1/'2Jx C CB+A 
D*CB + A3 3 

120 YF=YF + 2*SINC CB-A3/2 3*SINC CB-A3/23/C C 
B-A3*CB-A3 3 

130 REM **** CONTINUOUS PHASE CASE 
— USE LINES 140 AND 150 **** 

140 YF=2*A*CCOSCA3-COSCB33/CA*A-B*B3 
150 YF=YF*YF/Cl+COSCA3*tCOSCA3-2*COSCB33 
3 

160 SUM=SUM+YFXINC/PI 
170 2=2+1 

180 IF 2=N2 THEN YF=1-SUM :PT=PT+1:YCPT3 = 

10*CLOGCYF3 =2=0 

190 NEXT J 

200 FOR L=1 TO NJ/3 

210 XCL3=L*N2*INC/CPI*T3 

220 NEXT L 

fig. 14. Atari BASIC listing for calculating the cumulative 
spectra of FSK signals. The trig functions evaluate their ar¬ 
guments in radians (not degrees). 
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less downtime! 

EIMAC backs their proven tube 


reliability with the longest and 
best warranty program in the 
business. Up to 10,000 hours for 
selected types. 







Quality is a top priority at EIMAC. 
where our 50-year charter is to 
produce long-life products. 


Send for our free Extended War¬ 
ranty Brochure which covers 
this program in detail. 

Write to: 


Varian EIMAC 
301 Industrial Way 
San Carlos, CA 94070 
Telephone: (415) 592-1221 



varian 
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PERFORMANCE 
AND VALUE 

WITHOUT COMPROMISE 


KRP-5000 
REPEATER 


Word is spreading fast- >S S V J A ±1 J i) 

"Nothing matches the KRP-5000 ^ 

for total performance and value. Not GE, not even Motorola." 


RF performance really counts 
in tough repeater environ¬ 
ments, so the KRP-5000 
receiver gives you 7 helical 
resonators, 12-poles of IF 
filtering, and a precise 
Schmitt trigger squelch with 
automatic threshold switch¬ 
ing The transmitter gives 
you clean TMOS FET power 



KRP-5000 Repeater shown 
Vwith PA-100 Amplifier 


Enjoy high performance opera¬ 
tion with remote programmabil¬ 
ity. sequential tone paging, 
autopatch, reverse autopatch. 
200-number autodial, remote 
squelch setting, status inputs, 
control outputs, and field- 
programmable Morse messages. 

Call or write for the full 
performance story ... and 
the super value price* 

Micro Control Specialties 

23 Elm Park. Groveland MA 01834 
(617) 372-3442 


The first choice in 

Transmitters - Receivers 
Repeaters 

Repeater Controllers 
Power Amplifiers 
Voice Mail Systems 



































CPFSK spectrum, you'll begin to get a hint. It can be 
shown that if you want to fill a given channel or band¬ 
width with signal energy, the most efficient way to 
do it is with a rectangular spectral density, because 
every chunk of available spectrum space will be filled 
with an equal amount of signal power. Coincidentally, 
a flat rectangular spectrum also looks most noiselike 
over the given channel (the spectrum of noise is flat). 
Now turn to fig. 18. It's still 300 baud CPFSK ASCII, 
but we've changed the shift to 190 Hz. Most striking 
is the nearly rectangular main lobe, which ideally meets 
the requirements outlined above. Of course, if you 
really want to spread your signal energy around and 
hide the communications under the noise, you can 
scale everything up by any number you choose; 
although a 190-Hz shift, 300 baud signal has the same 
spectral shape as a 19-MHz shift, 30 Megabaud 
CPFSK signal, it's 100,000 times wider. You could, 
with this CPFSK waveform and the proper hardware, 
carry on communication over the entire 420-450 MHz 
Amateur band and no one except your intended 
receiver would know you were there! 

To demonstrate that these spectral density ideas 
really work, I generated that rectangular main lobe 
CPFSK signal and used a sophisticated spectrum 
analyzer to both ensemble- average and record the 
resulting spectral density. Shown in fig. 19, it nicely 
confirms the theory of fig. 18. The slight raggedness 
on the spectrum comes from my not averaging every 
possible bit pattern, which would have taken an infinite 
amount of time! But this CPFSK spectrum, and all the 
ones shown here or that you may choose to inves¬ 
tigate on your own, can indeed be generated in the 
laboratory — even the one with that remarkable flat 
top. 












ANNOUNCING 

THE 

DIGITAL VOICE KEYER 



Mic not 
included 


Now tor the first time you can enioy the truly unique operation of a Digital Voice 
Announcement System designed specifically for Amateur Radio commumca 
tions The DVK 100 represents the latest technology in digital audio processing 
Create your own natural voice contest calls. CD's etc Your voice is stored in 
digital memory, ready to be played back at the touch ol a key The Digital Voice 
Keyer is not a tape recorder or robotic sounding synthesizer but a true full fideli 
ty natural voice record/playback system 

The DVK 100 is a must for the avid contester and great audio accessory lor any 
Ham Shack 


FEATURES 

• Superior natural voice quality • Selectable audio compressor 

• Micro processor controlled • Sealed membrane keyboard 

• 32 seconds of message lime • 4 independent voice memories 

• PTI/VOX operation • PoMtive/neoative keyed PTI 

• Dynamic/condensor mir input • FSD/FMI/Rf I shielding 

• Selectable monitor amplifier • Selectable end ol Iransnnssion 

with preset level controls lone generator 

I tie sound ul tbe future is hete today Contact your local Amateur Radio dealer or NIL tor 
further information 

S349 00 SUGfifSIEDNEt iy , 193 

AMAIEUH PRICE DEAEER INQUIRIES INVITED 


DEAEER INQUIRIES INVITED 




NEL-TECH LABS. INC. 

28 DEVONSHIRE LANE • LONDONDERRY. NH 03053 
603 434 8234 A 


MULTI FAX 


A COMPUTER PROGRAM THAT WILL COPY: 

• WEFAX FROM GOES SATELLITES 

• HF FAX FROM NAVY WEATHER BROADCASTS 

• APT FROM NOAA POLAR ORBITING SATELLITES 

■ WEFAX REBROADCAST FROM TV TRANSPONDERS 
IN UP TO FOUR COLORS ON YOUR COMPUTER COLOR 
MONITOR. 

MULTIFAX displays Ihe lull picture on the monitor as it Is be¬ 
ing recorded Meanwhile, memory is filled with line-grain 
data so lhat any quarter or sixteenth of the picture may be 
viewed in greater detail All data or any view may be saved 
on disk 

MULTIFAX is adaptable 10 a variety of facsimile transmis¬ 
sions and computer clock rales since sweep speeds are key¬ 
board adjustable 

Picture synchronization is automatic when frame sync is 
transmitted (WEFAX OR HF FAX), otherwise keyboard syn¬ 
chronization is available (NOAA APT) 

MULTIFAX will run on the IBM' V PC and IBM 1 '' PC compati¬ 
ble computers having al least 320K of memory 
Hard copies are obtained by using your Print Screen 
program 

Data entry to the computer is via its game port 

Price is $49 00 (US) lor MULTIFAX on disk with instructions 

and interface circuit information 

MULTIFAX was written by an author ot "WEFAX Pictures on 
Your IBM PC" published in the June 1985 issue ol" QST" 

Elmer W. Schwittek, K2LAF 

429 N. Country Club Drive. Atlantis. FL 33462 



suggestions for FSK systems 

We can summarize this investigation of Amateur 
FSK spectra with a few suggestions and an invitation. 
One suggestion is that all Amateurs use continuous- 
phase FSK in their transmitter modulators. As amply 
demonstrated above, CPFSK causes much less inter 
ference and occupies much less bandwidth than the 
discontinuous-phase waveform. Fortunately, many 
modern audio-shift modems already provide phase- 
continuous signals. Another suggestion is that 
Amateurs work on FSK demodulator designs which 
better match the spectral properties of the signal 
they're trying to receive. This will become increasingly 
important as bit rates continue to rise, whether in 
ASCII or in packet communications. Any spectral mis¬ 
match in demodulator filtering simply wastes the avail¬ 
able (and precious) signal power. 

A final suggestion is that Amateurs interested in 
spread spectrum communications look closely at the 
family of FSK signals as good candidates for a direct 
spreading waveform. System performance could sig¬ 
nificantly improve once the waveform's spectrum is 
matched to the spreading requirements. 

Much more could be said about Amateur FSK — 
in receiver and transmitter design, in error rate per¬ 
formance, and in application to new types of commu¬ 
nications systems. This simple binary keyed waveform 
carries with it several elegant and easily explored spec¬ 
tral properties, characteristics outlined in this article. 

I invite the Amateur community to investigate further 
and make their own fascinating discoveries and con¬ 
clusions. 
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WA6P operated this solar powered packet station during 1986 Field Day as part of 
the McDonnell Douglas Amateur Radio Club and Southern California Amateur Club 


The 1987 Handbook has it all! 

The 1987 ARRL Handbook for the Radio Amateur is your source for the most up-to-date informa¬ 
tion on: 


• Packet Radio and other forms • Visual communication — • Antennas and 

of digital communication ATV, SSTV, and FAX transmission lines 

• RF Circuits and design • Propagation • Voice communication 

• Power amplifiers • Operating • Space communication 

The 64th edition has 40 chapters and over 1200 pages. It’s packed with practical construction 
projects and there are many with printed-circuit board etching patterns. Every year the Handbook 
is updated to reflect changes in the state-of-the-art. Whether you are a radio amateur, engineer 
or technician you’ll find the latest edition a must addition to your technical library. There is no 
change in price from last year! Paperbound: $18 in the US, $19 elsewhere; cloth: $27 US, $29 
elsewhere. Payment must be in US funds. Add $2.50 ($3.50 for UPS) shipping and handling. 


entry. The photographer was WA6AUF 


19? 







LINEAR POWER 
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Join AMSAT...Today 

Amateur Radio Satellite OSCAR 10 
provides: 

• A New Worldwide DX Ham Band 

open 10 hours a day. 

• Rag Chew With Rare DX Stations 

in an uncrowded, gentlemanly fashion 

• Popular Modes In Use: 

SSB, CW, RTTY, SSTV, Packet 

• Full Operating Privileges 

open to Technician Class 
licensee or higher. 

Other AMSAT Membership Benefits: 

Newsletter Subscription: 

Dependable technical articles, satellite news, 
orbital elements, product reviews, DX news, 
and more. 

Satellite Tracking Software 

Available for most popular PCs. 

QSL Bureau, AMSAT Nets, Area Coordinator 
Support, Forum Talks 

Construction of Future Satellites For Your 
Enjoyment! 

AMSAT Membership is $24 a year, $2n out¬ 
side North America. VISA and MC accepted. 

AMSAT 
P.O. Box 27 
Washington, DC 20044 

301 589-6062 
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K.V.G. 

CRYSTAL 

PRODUCTS 


9 MHz CRYSTAL FILTERS 


MODEL 

Appll 

cation 

Band 

width 

Pole* 

Price 

XF 9A 

SSB 

2 4 kHz 

5 

$53.15 

XF 9B 

SSB 

24 kHz 

8 

72 05 

XF-9B-01 

LSB 

2 4 kHz 

8 

95 90 

XF 9B 0? 

USB 

2 4 kHz 

8 

95 90 

XF 90 10 

SSB 

2 4 kHz 

to 

125 65 

XF-9C 

AM 

3 75 kHz 

8 

77 40 

XF 90 

AM 

5 0 kHz 

8 

77 40 

XF9E 

fm 

12 0 kHz 

8 

77 40 

XF 9M 

CW 

500 Hz 

4 

54 10 

XF-9NB 

CW 

500 Hz 

B 

96 90 

XF 9P 

CW 

250 Hz 

8 

Ihl ?0 

XF910 

IF norse 

15 kHz 

2 

17 15 


10.7 MHz CRYSTAL FILTERS 

WRITE FOR FULL DETAILS OF CRYSTALS AND FILTERS 

Expod inquiries Invited Shipping S3 75 

MICROWAVE MODULES EQUIPMENTS 

Use your existing HF at 2M rig on other VHF or UHF bands 

RECEIVE LINEAR 

CONVERTERS TRANSVERTERS 

MMk 1691-137 369 95 MW IJ96-144G 369 95 

MMk 1P96-144G 189 95 MM. 1368 14-1 389 95 

MMc 439-ATV 94 95 MMt 433 381S) i’B9 95 

MMc 432 381s) 69 95 MMt 144 3B1H) 3-19 95 

MMc I44 381HPI 74 95 MM 1 144 38 189 95 

MMc 144 38 54 95 MMt 435381S) 399 95 


3M 

MML 144 30 IS 
MML 144-50-S 
MML 144 100 S 
MML 144 I0O LS 
MML 144 30OS 


MMt 

1296 144G 

369 95 

MM. 

1268 144 

289 95 

MMt 

432 ?8<S) 

289 95 

MMI 

144 28(R) 

349 95 

MMI 

144-28 

189 95 

MMt 

435 28<S) 

299 95 

AMPLIFIERS 


70cm 

MML 

432 30-L 

219 95 

MML 

432 50 

229 95 

MMt 

43? 100 

• % 439 95 


ANTENNAS t 


PM 

10XY-2M 

70cm 

70/MBM28 
70/MBM48 
70/MBM68 
DY20 900 MHz 


LOOP YAGIS 

1268LY $49 95 

1296-lY 49 95 

1691-LY 59.95 

order loop yagt connector extra 


Send 66« (3 stamps) tor full details ot alt our VHF & UHF equipments and KVG crystal 
products 

Shrppmq FOB Concord Mass mmmm 


(617)263-2145 
SPECTRUM 
INTERNATIONAL, INC. 
Post Office Box 1084 
Concord. MA 01742, U.S.A. 





Or This Inexpensive 

It Really Shouldn’t Be This Easy 


Remember just a few years 
ago, how it took a roomful of 
equipment just to work RTTY. 
And if you wanted more than one 
mode it took a dedicated com¬ 
puter system costing thousands 
of dollars. The new AEA Pakratts 
are proving it doesn’t take lots of 
equipment or money to enjoy 
working all bands in five different 
modes. 


PAKRATT"" Model PK-64 


First, A Good Idea 
The idea behind the Pakratt is 
very simple. One controller that 
does Morse, Baudot, ASCII, AM- 
TOR, and Packet, and works both 
HF and VHF bands. Of course the 
decoding, protocol, and signal 
processing software must be in¬ 
cluded in the unit, and connec¬ 
tion to the computer and 
transceiver have to be easy. The 
unit also has to be small and re¬ 
quire only 12 volts, so it will work 
both in the shack and on the road. 

Second, Computer Compatible 
It doesn't matter what kind of 
computer you have, we have a 
Pakratt for you. The PK-64 works 
with the popular Commodore 64 
or 128, and the PK-232 works with 
any other computer or terminal 
that has an RS-232 serial port. 
The PK-64 doesn’t require any ad¬ 
ditional programs. Simply con¬ 
nect to the computer and 
transceiver and you're on the air. 
The PK-232 needs a terminal or 
modem program for your com¬ 
puter. The one you’re using with 
your telephone modem will work 
just fine. 


PAKRATT ,m Model PK-232 


Third, Performance and Features 

The real measure of any data controller is what kind of on-air perfor¬ 
mance it gives. While the PK-64 and PK-232 use different types of 
modems, both give excellent performance on VHF. The optional HF 
modem of the PK-64 uses independent four-pole Chebyshev filters for 
both Mark and Space tones, and A.M. detection. The HF option can be 
factory or field installed. 

The PK-232 uses an eight-pole bandpass filter followed by a limiter 
discriminator with automatic threshold correction. The internal 
modem automatically selects the filter parameters, CW Fc = 800 Hz, 
BW = 200 Hz; HF Fc = 2210 Hz, BW = 450 Hz; VHF Fc=1700 Hz, 
BW = 2600 Hz. 

The PK-64 uses on screen indicators to show status, mode, and 
DCD (Data Carrier Detect) while the PK-232 uses front panel in¬ 
dicators. Both units use discriminator style tuning for HF operation. 
And that’s just the tip of the iceberg. Features like multiple connects 
on packet, hardware HDLC, CW speed tracking, and other standard 
AEA software features are included in both the PK-64 and PK-232. 


Fourth, AEA Quality and Price 

Not many manufacturers like to discuss quality and price at the same time. AEA thinks you want high 
quality and low price in any product you buy, so that’s what you get with the Pakratts. Ask any friend who 
owns AEA gear about our quality. The people who buy our products are our best salespeople. As for price, 
the PK-64 costs $219.95, or $319.95 with the HF option. The PK-64A, an enhanced software unit with a longer 
flexible computer cable, costs $269.95 or $369.95 with the HF option. The PK-232 costs $319.95 with the HF 
modem included. All prices are Amateur Net and available from your favorite amateur radio dealer. For more 
information contact your local dealer or AEA. 

Prices and specifications subject to change without notice or obligation. 


m. m Advanced Electronic Applications, Inc. 

Warn P.O. Box C-2160, Lynnwood, WA 98036-0918 

206-775-7373 Telex 6972496 AEA INTL UW 
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WORLDWIDE DISTRIBUTIO 


mEag umli 


i i 




KENWOOD TS-940S 


KENWOOD 

HAND-HELDS 

TH-21 AT/31 AT/41 AT 

Compact Only 
2 4 'W. 4 74"H. 
IT'D Outstand¬ 
ing performers 
in an ideal 
package size 


TR-2600A/3600A 

Deserves its well-earned 
reputation as the leading HT 




CALL FOR PRICE 


Volunteer Exam 

, TAPES 
N BOOKS 

The Complete Novice $49.95 

Theory |? tapes. 2 hooks) Code (4 
tapes) Practice CW Oscillator Exam & 

Test Package 

The Complete General $49.95 

Theory (4 tapes. 2 books) Speed (4 
tapes) 5-13 WPM All FCC Paperwork 

The Complete Advanced S49.95 

Theory (4 tapes 2 hooks) Code (4 
tapes) Specify General or Extra class 
code 

The Complete Extra $49.95 

Theory (4 tapes. 2 hooks) Speed (4 
tapes) 13-20 WPM All FCC A VEC^grt 
Paperwork 

The Complete Voice Novice 

All new material lor the new novice 
voice class license - updated for 1987 
Call for details 


14 - 1 


MA-40 

40 TUBULAR TOWER 

SALE! $549 
MA-550* 

55' TUBULAR TOWER 

14346-SALE! $899 

• Handles 10 sq ft at 50 mph 

• Pleases neighbors with 
tubular streamlined look 

•TX-455 

55 FREESTANDING 
CRANK-UP 

• Handles >8 sq ft at 50 mph 

• No guying required 

• Extra-strength Construction 

• Can add raising and motor 
drive accessories 


IN STOCK FOR QUICK DELIVERY 

OTHER MODELS AT GREAT PRICES 


hy-gain 

CRANKUP SALE! 

Single Strength 

(handles 9 sq. ft.) 
HG37SS - 37' Tower 
HG52SS - 52' Tower 

Heavy Duty 

(handles 16 sq ft.) 
HG54HD - 54' Tower 
HG70HD - 70' Tower 


• All steel 

• Includes base & rotor 
plate 

• No guying required 

• Hot dip galvanized 

• Accessories available 

CALL FOR PRICE! 




FT-727R I 

5 WATT (I 
2M/440 MHz 1 
Dual Band ™ 

CALL FOR PRICE 


BiiVU 

Mo<1*i 43 

THRULINE. 
WATT METER 
& Elements 


0) 





GREAT PRICE! 


£3 IC-OiV IC-28A/28H 


■ 

■y 


2-METER MOBILES 

IC-28A (25w) IC-28H (45w) 



CALL TOLL FREE (800) 854-6046 

r ; 1 Toll Iree including Hawaii Phone Hrs 7 00 am to 5 30 p m Pacific Time. California. Arizona and Georgia customers call or visil nearest store 
L''1 ' A Calllornia. Arizona and Georgia residents please add sales tax Prices speculations descriptions subject to change wilhout nonce 
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More Details? CHECK OFF Page 126 
































All Major Brands in Stock Now 


VAN NUYS. CA 91401 

6265 Sepulveda Blvd > 
1 BI 8 ) 988 721? 

Ai Mgr K 6 YRA 
San D«ego f wy 
al Victory Blvd 

STORE HOURS -< 
10 AM-5:30 PM 
CLOSED SUNDAYS 


BURLINGAME. CA 94010 PHOENIX. AZ 85015 

999 Howard Avr 170? W Camelback Rd 

(415) 342 5 757 ( 60?) ?4? 3515 

George M(jr WB 6 DSV Bob K7R0H 

5 miles south on 101 Iroin Sf 0 East o! Hwy 17 

OAKLAND. CA 94606 SAN DIEGO. CA 92123 

2210 Livingston Si 5375 Kearny Villa Rd 

(415) 534 5757 (619l560 4$00 

Al Mg* WA 6 SVH Tom Mgr KM 6 K 

t7N 5tn Ave M7S 16th Ave Hwy 163 & Claremont Mesa Blvd 


ANAHEIM. CA 92801 

2620 W La Palma 

(714) 761 3033 i213) 860 2040 

Between Oisneyland & 

Knotts Berry Farm 

ATLANTA. GA 30340 

6071 Buloid Hwy 
(404) 263 0700 
Neil Mgr KC4MJ 
Doravrlle 1 mi noilh ol I ?85 


Bob F*rrero W6RJ 

President 

Jim Rafferty N6RJ 

VP So Celif Div 


Anaheim Mgr 


RIBUTIO 


V. ^- —1, 

. X 

^%?v 


LARGEST HAM OUTLET IN THE WORLD 


STORE BUYING POWER 


EraiiCQM IC-R71A 


uvsuOtiV; 


Superior Grade General 
Coverage Receiver 

SALE! CALL FOR PRICE 


EF71 ICOMl 
IC-28A/28H 


2-METER MOBILES 

IC-28A (25w) IC-28H (45w) 

LOW PRICE! 


O IC° M IC-735 


US& 


The Latest in ICOM's Long 
Line of HF Transceivers 

CALL FOR LOW, LOW PRICE 


Era icom 

IC-3200 A_ 

• WT 

LIMITED QUANTITY 
AT OLD PRICES 


NOW! RAPID DELIVERIES 

FROM OUR OUTLETS 


ICOM IC-1271A 


I \iJ 


To Our Customers 

i<S 


ICOM IC-R7000 


25 MHz-1300 MHz 

IN STOCK FOR 
IMMEDIATE DELIVERY 


o o n n r, 


12 GHz Transceiver: 

The First Full-featured 
1240-1300 MHz Transceiver 

ARE YOU READY FOR 
1.2 GHz OPERATION? 


| ICOM 

HANDHELD 

VHF/UHF 

^ 1 .. 

» .. 


IC-02AT IC-2AT 
1C-04AT IC-4AT 


era icom 


IC-3AT 


U2-AT 

MINI HAND-HELD 

GREAT PRICE! 


CALL TOLL FREE (800) 854-6046 

... Toll free including Hawaii Phone Mrs 7 00 am to 5 30 p m Pacific Time Calilorma. Arizona and Georgia customers call or visit nearest store 

iv 0 v*e- a-o] calilorma. Arizona and Georgia residents please add sales lax Prices specifications descriptions subiect to change without notice 
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TECHNIQUES :■ 


MacGyver of the '30s— 
how Amateur ingenuity 
saved the day 

In many man-made and natural 
emergencies Amateur Radio has 
proven itself again and again. Here's 
the story of how Henry Jenkins, 
W7DIZ, responded when one of the 
heaviest storms of the 1930s hit the 
Oregon coast and blinded the Tilla¬ 
mook Rock lighthouse. 

The lighthouse, which protected 
coastal shipping from the dangerous 
shoals, was under the control of the 
Department of Commerce. The light 
atop its tower was perched 85 feet 
above the ocean. Power for the light, 
the radio, and the small dwelling of the 
lighthouse keeper was derived from a 
gas generator in the basement. 

The year is 1934; the month, 
October. . . . 

About 10 p.m., October 20, a fresh 
southeast wind was blowing with light 
rain. During the night, the wind in¬ 
creased to gale force and changed to 
the southwest. About 3 a.m. the seas 
ran extremely high, swells hitting the 
base of the rock from the southwest 
with the spray coming over the rock. 

At 9:30 a.m. / was awakened with 
a sudden jar, completely covered with 
water. AH my clothes and bedding 
were soaked. The seas at this time 
were washing over the entire tower, 
pounding against the window shutters 
of my room. The window catch let go 
and the entire room was flooded. At 
this time the wind was blowing at an 
estimated 100 miles per hour, seas 
covering the lighthouse, carrying with 
it large rocks, debris, and fish which 
were smashed through the lantern 
plate glass — 85 feet above sea level 


— breaking 16 panes and flooding all 
quarters. In endeavoring to replace 
glass panes with emergency wooden 
panels, the Keeper's right hand was 
deeply cut. While assisting dressing his 
wound, I read the barometer, which 
was 28.92 inches, and dropping. Each 
time the tons of water would cover the 
building, coming down with terrific im¬ 
pact on the roof, the barometer would 
drop immediately to 28.72 inches, 
returning as soon as the impact was 
over. 

The impact from the water and 
rocks would occur about every three 
seconds. About 10:15 a.m. a terrific 
impact occurred and the tower and 
building were enveloped with giant 
seas. The large 80-foot derrick and tel¬ 
ephone cable to the mainland had 
been swept away. 

A 6-foot section of the west end of 
the rock was broken off and carried 
away, hurling rocks weighing as much 
as 50 pounds through the tower and 
to the roof, smashing shutters made 
of half-inch planking. All floors were 
flooded, breaking the piping and heat¬ 
ing system, thereby cutting off the 
heat, which was badly needed. We 
were soaked, sloshing in salt water, 
and extremely tired. The lantern and 
fog signal were inoperative. Both of 
these were greatly needed by 
mariners, and now we had no means 
of warning them of the rocks and 
shoals around the light. Finally, we 
were able to erect a crude, white light, 
which we hoped somebody could see. 
But what was needed was a means of 
informing the Superintendent on land 
of the damage and the fact that the 
light was useless. 

What was needed was a radio to 
communicate to land. Since the pow¬ 
er was out (and the government radio 


equipment had not yet been delivered 
and installed), it was up to me to do 
the job. A radio had to be built. AH that 
was at hand was a collection of parts 
from an old Atwater-Kent broadcast 
set, a few dry batteries and scraps of 
tinfoil, copper, and brass. 

When the storm abated a bit, 
W7DIZ went to work: / got two pieces 
of relatively dry wood. Not having any 
tube sockets, / drilled holes in each 
board to take a tube and with the aid 
of a gas torch, soldered leads on the 
tube prongs. 

On the transmitter board / placed a 
coil which / wound from wire taken 
from an audio transformer. The coil 
was wound on the cardboard case 
taken from a No. 6 dry cell. / used 14 
turns. The tuning capacitor was sal¬ 
vaged from the old broadcast receiver. 
Capacitors were made of tinfoil and 
wax paper taken from a loaf of bread. 
Since no resistors were at hand, none 
were used. An rf choke was made 
from a broadcast coil by removing 100 
turns. This junk, when finally assem¬ 
bled, completed a TNT (tuned-not- 
tuned) oscillator, but had no grid con¬ 
denser or grid resistor. The batteries to 
power the transmitter were taken from 
the defunct telephone system. Eighty 
volts was available. For a key, / sim¬ 
ply broke the battery connection with 
my hand. Later, / found a piece of 
spring brass and made a hand key. The 
antenna consisted of 40 feet of sal¬ 
vaged wire from a broadcast coil. 

The receiver was next. For a coil, an 
old telephone receiver was used as the 
form and 45 turns of wire stolen from 
one of the broadcast coils was wound 
on the form. This made the grid coil. 
Twenty turns were added at one end 
for the plate coil. There was no con¬ 
denser available to control oscillation. 
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ANTENNA POLARITY SWITCHER MODEL APS-1 


The APS-1 is d self-contained contiol head designed to allow 
remote (Hilarity switching of circular antennas such as the 
Mirage/KLM range of crossed yagis. 



the APS-1 may he powered by the power adaptor (included) or may alternately he powered from a vehicle or other 13-17 VDC source 

In addition to swilchable outputs lor two antennas, the APS-1 also contains a 6 13 volt regulated DC (lower supply Ihis feature is 
designed lor powering items such as preamplifiers. VHP l Hf converters, els.. but may also be used whenever a low-current stabilized 
variable voltage* source is required 


SPECIFICATIONS: 


Power Requirement (AC) .117V ± 10% AC 50/60 Hz 15 Watt 

Power Requirement (DC).11 -16 VDC 500 mA 

Outputs.Two 12 VDC unregulated, switched (antenna relay supply). 


One 6-13 VDC variable regulated auxiliary supply 

Icital output current SIX) mA with AC transformer dial is included. 1 amp wilh optional high current transformer or external DC supply 
I his unit has oui popular live (5) year warranty. 

P.0. BOX 1000 MORGAN HILL, CALIFORNIA 95037 (408) 779-7363 


SPECIALIZED COMMUNICATIONS 
FOR TODAY’S RADIO AMATEUR! 

If you are ACTIVE in FSTV 
SSTV, FAX, OSCAR, PACKET, 
RTTY, EME, LASERS, 
or COMPUTERS, then you need 

“SPEC-COM!” 

Published 10 Times 
Per Year 
By WBOQCD 

(Serving Amateur Radio Since 1967!) 

48 Pages per issue. Loaded with News, Articles, Projects, and Ads. 

SIGN UP TODAY AND GET 3 BACK ISSUES “FREE”! 

Join our growing membership at the regular $20 per year rate and we will send you 3 back 
issues (of your choice) absolutely 1 ' free’' I We also have 2 and 3 year discounts at just $38 
and $56. Foreign surface and air mail subscriptions also available, please write for 
details Add $2.00 for a special 19-year "master article index" issue. Allow 2-3 weeks for 
your first issue. Special TRS-800. Commodore 64, Apple. IBM Software Catalog Available! 



THE SPEC-COM JOURNAL 

- 

VISA 

P.O. BOX H, 

MostarCovd 


r .vs. uvzn ■ i, 

LOWDEN, IOWA 52255 


I Credit Card Order* (5H added) lowe Residents Add 4H State Sales Tex I 



SYNTHESIZED 

SIGNAL GENERATOR 



M00EI 
SG IMF 
8428.95 
delivered 


• Covers 100 MHz to 199 999 MHz in 
1 kHz steps with thumbwheel dial • 
Accuracy +/- 1 part per 10 million at all 
frequencies • Internal FM adjustable from 
0 to 100 kHz at a 1 kHz rate • External FM 
input accepts tones or voice • Spurs and 
noise at least 60 dB below carrier • Out 
put adjustable from 5-500 mV at 50 Ohms 

• Operates on 12 Vdc ® 'h Amp • 
Available (or immediate delivery • $429.95 
delivered • Add on accessories available 
to extend freq range, add infinite resolu¬ 
tion. AM. and a precision 120 dB attenuator 

• Call or write tor details • Phone In your 
order for fast COD shipment 
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VANGUARD LABS 

196-23 Jamaica Ave., Hollis, NY 11423 
Phone: (718) 468-2720 Mon. thru Thu. 












Photo A. After the terrible storm. W7DIZ rebuilt his "junk box” radio station. At left 
is the one tube transmitter, with the copper tubing tank coil. In the center, in front 
of the tool box, is the one tube receiver. A heavy brass hand key is positioned on the 
table near the transmitter. With this simple, home made equipment, W7DIZ maintained 
schedules and kept the Tillamook light on the air. in the ham bands 


so enough turns were put on the plate 
coil to keep the circuit oscillating at all 
times. For the antenna series condens¬ 
er, two feet of insulated wire were 
twisted together. A tinfoil condenser 
was used for the grid condenser, hut 
there was no resistor for the grid leak. 

The tuning condenser was made 
from two brass plates removed from 
the door knob. One plate was screwed 
to the wood board and the other 
placed atop it, separated by a piece of 
waxed wrapping paper. Tuning was 
accomplished by shoving one plate 
over the other with a pencil. 

By cut-and-try, / finally heard signals 
in the 80 meter band. The first station 
heard was W7RT in Seattle. |Since 
most stations in those days were 
crystal controlled and remained at one 
spot in the band, W7DIZ immediately 
knew where he was. W6SAII 

/ next heard W7CKX, a station rela 
tive/y close to the light. / left the 
receiver tuned to that spot and tuned 
the makeshift transmitter to the same 
spot by listening to CKX with the 
transmitter running. Finally, about 6:30 
p.m. / called W7CXK. No response 
But the station CXK was working 
W7WR— told CXK that somebody 
was calling him! And the contact was 
made. I sent a message to the Superin 


tendent of Lighthouses, advising him 
that the light was out of service, and 
that all shipping should be warned, 
W7CXK immediately sent the message 
via Western Union to the Superinten 
dent in Seattle and within minutes the 
powerful Department of Commerce ra 
dio stations up and down the Pacific 
Coast flashed the news that the Ti/la 
mook light was inoperative. 

And that's how Henry Jenkins, 
W7DIZ, succeeded in building an en¬ 
tire radio station from salvaged pieces 
of junk, put the rig into operation, and 
effected communication with other 
Amateur stations in an emergency of 
great import to the shipping lines along 
the western coast of the United 
States. 

Within the next few months the light 
was repaired and the Lighthouse Serv 
ice, seeing the need for radio commu 
nications at the Tillamook light, 
provided a new, more powerful gener 
ator and radiotelephone equipment. A 
lighted buoy was placed near the light. 
Jenkins rebuilt his ham gear (see 
Photo A), still using only a single tube 
in the transmitter and receiver. 

At one time, W7DIZ took a tele 
phone microphone, connected it to the 
transmitter tank coil via a loop and 
made the little rig into a phone trans 


miner! W7CXK said the audio quality 
was excellent, provided Henry didn't 
move around very much! 

While the new radio equipment was 
being installed, W7WR and W7CXK 
were hired by the Lighthouse Service 
(at 50 cents an hour) to provide com 
munication with the light, using the 
special calls KCBC-2 and KCBC-3. This 
lasted about four months, running 
three schedules a day. Many private 
messages to the families of the men on 
the isolated lighthouse were handled 
and, as W7CXK says, "Many hours 
were spent trying to keep the men 
from going stir crazy on the rock. It is 
unbelievable what a few months of 
isolation out there could do to a per 
son's mind." 

Eventually, the lighthouse came un 
der the supervision of the Coast 
Guard. In the mid 1960s. the light was 
no longer required, so it was sold. But 
as recently as 1971, the buyers of the 
light had done nothing to it, and it 
looked much the same as ever. 

MacGyvers of the 80s? 

— a "make-do" hamfest 
event 

Does the "Make-do" spirit still 
exist in Amateur Radio? I like to think 
that it does. In this regard, I want to 
propose a "Make do Event" at your 
next local hamfest or convention. 
Volunteer hams split up into three or 
four teams, three hams to a team. At 
hand is a large junk box full of old 
parts, perhaps a defunct TV set, and 
one or two old radios. Each team has 
a small number of appropiate tools 
a screwdriver, wirecutters, and pliers 

as well as a small collection of nuts, 
bolts, and woodscrews. 

Now the contest begins. It runs for 
a given period, say, three hours. The 
goal is to build, literally from junk, 
radio transmitters and receivers and to 
effect communication between two 
groups. The groups that get on the air 
and establish communication first are, 
of course, the winners. 

Details have to be worked out. Is it 
permissible to scavenge for wood or 
other chassis material? I vote yes. Can 
a soldering iron be used? I vote no. I 
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The HF4B “Butterfly”TM 
A Compact Beam 
for 20-15-12-10 Meters 


W 


•Unique design reduces size 
but not performance. 

• No lossy traps; full 
element radiates on 
all bands. 

•Retrofit kit for 
17 meters com¬ 
ing soon. 

•Turns with TV 
rotor 

•Only 17 lbs 


Butternut's HF 
verticals use 
highest-Q tuning 
circuits (not lossy 
traps!) to outperform 
all multiband designs 
of comparable size! 

Model HF6V 

•80. 40. 30. 20 15 and 10 meters 
automatic bandswitching 
•Add-on kit (or 17 and 12 meters 
available now 
•26 ft tall 


& 


Model HF2V 

Designed tor the low-band DXer 

’Automatic bandswitching on 80 and 
40 meters 

Add-on units for 160 and 30 or 20 
meters 


•32 leel tall - may be top loaded for 
additional bandwidth 


For more information see your 
dealer or write for a free brochure 


BUTTERNUT ELECTRONICS CO 


405 Easl Market 


Lockhart. Texat* 78644 


1 to 1000 MHZ ✓ '80 
SIGNAL GENERATOR 



• Test Signal Source for Receivers. 
Amplifiers. Fillers. Mixers, Etc. 

• 60 Hz FM Is Less Than 20 KC With 
Sweep Oil 

• Alter 30 Minutes Warm Up Stable 
1100 KC For 5 Minutes 

• Sweep Adjustable 1 To 1000 MHz 

ROENSCH MICROWAVE 

RR #1, Box 156 B. 816-895-5431 
BROOKFIELD, MO 64628 





IF YOU COLLECT OLD RADIOS, 
^ 179 YOU NEED 


ANTIQUE RADIO CLASSIFIED 

Published Monthly 
Classifieds - Informative Articles 
Ads for Services & Hard-to-Find Parts 
Also: Early TV, Ham Equip., Books, 
Telegraph, 40's & 50's Radios & more... 
Free 20-word ad each month 
Sample Copy - Free 
6-Month Trial Subscription (US) - $9.00 
A.R.C., PO Box 2-A1, Carlisle, MA 01741 


also vote that the transmitter be 
crystal-controlled, to keep all activity 
in the ham bands. Alternatively, a low- 
power "standard frequency" signal 
could be emitted by the managers of 
the contest so that contestants can 
"find the band." 

With a little thought, a viable and 
exciting contest can be created. I hope 
such a contest will prove that the spirit 
of "Make-do" still exists in Amateur 
Radio today. 

The original story of Henry Jenkins, 
W7DIZ, was told in the January, 1935 
issue of "Radio" magazine. Addition¬ 
al details of the incident were given to 
me in private correspondence from 
Henry Goetze, W7CXK, who was a 
witness and participant in the incident 
at Tillamook Rock. 

ham radio 
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MICROWAVE MODULES 1RANSVERTERS 

MM1 I2967144G 1296 1298MH; 14-til ?* GAASKI $369 


MMT432/28 S 43? 437MM/ Ml 10* $?/9 

MMT22LV28 S 220 225MHz 28(1. 10* $249 

MMT 144/?8 R 144 I46MH/ ?8it 25w DBM 

GAASFFI $339 

MMI5072B H Ml 54MH.- ?8ll 20w 

Bigll pedum,nice $349 


SS8 ELECTRONIC TRANSVERTERS A PREAMPS 

L123S 1296 I29BMM.- 144.1 10* GAASTFT $479 

L1335 902 904MHz 144.1 10* GAASFfT $479 

MICROHM 13 2304 2306MH; 144.1 0 5* GAASFE1 $349 


0X1445 01 144 146MR- 0 406 nt 25(16 Ija.n $169 

DX432S O! 430 440MH; 0 306 (It 21X16 9am $179 

0X12965 1250 1300MH/, 0 506 ill ?3<16(J4(tl $179 

0X2305 2300 234UMH/ 0 8db nt 1Mb q.mi SI 79 

MV 144S 01 144 148MH/ 0 5db nl ?5db gam S179 

MV432S 01 430 44UMH/ U 7db nl ?5dh gam SI79 

MV1296S 1?b0 1300MH: 1 Odbnl IBdbqjin S?19 

DCW15A Sequencer lot MV preamps S79 

PA2310 1296MHz lOwsobd stale PA S199 

PM1300A Terminating wan meter (?Omw 20W) $219 

NEW 10GH/ IiamveMrr 100MW S499 

EME ELECTRONIC 

HI 400 High power relay 144 2kw. 432 lkw SI 19 

PA23150 1296MH/ 2 tube PA lbO>W S369 

PA 1325 2304MH/ I lube PA 25 ♦ W S349 

WATTMETER 432 12% 2304 MM/ S?79 

PA23200 I 296MH/ ? tub.* PA 200 ♦ W *atei 

coolers $275 

WJI0 Watt* coolers lor 2C39 7289. 

3CX100 He StO 


TRANSVERTERS UNLIMITED 

BOX 6286 STATION A HANS Pf Tf RS |VI 3CRUI 

TORONTO ONTARIO (416) 759 5562 

CANA0A M5W 1P3 F VE NINGS 


Sub Problem? 
Contact Sue. She'll 
fix it for you! 
(603) 878-1441 
Ham Radio 

Greenville, N. H. 03048 
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Under New Ownership 

American made RF Amplifiers and Watt/SWR Meters 
of exceptional value and performance. 

•5 year warranty • prompt U.S. service and assistance 

WATT/SWR METERS 

• peak or average reading 

• direct SWR reading 
MP-1 (HF) 1.8 30 MHz 
MP-2 (VHF) 50-200 MHz 


RF AMPLIFIERS 


220 MHz ALL MODE 

C106 10W in = 60W out 
(1W-15W. 2W = 30W) RX preamp 

0012 10W in = 120W out 
(2W=45W, 5W=90W) RX preamp 

C22 2W in *20W out 
(useable in: 200mW 5W) 


2 METERS-ALL MODE 

B23 2W in = 30W out 
(useable in: 100 mW 5W) 

BIOS 10W in=80W oui 
(1W = 15W. 2W=30W) RX preamp 

B1016 10W in = 160W out 

(1W = 35W, 2W = 90W) RX preamp 

B3016 30W in = 160W out 
(useable in: 15-45W) RX preamp 
(10W = 100W) 


430-450 MHz ALL MODE 

D24 2W in a: 40W out 
(1W =25W) 

D1010 10W in = 100W out 
(1W*25W, 2W = SOW) 


RC-1 AMPLIFIER 
REMOTE CONTROL 

Duplicates all switches. 18' cable 
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Available at local dealers throughout the world. 



COMMUNICATIONS EQUIPMENT,INC. 


177 

16890 Church St., Morgan Hill. CA 95037. (408) 779-7363 
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Santa knows he can get terrific package 
deals at Hamtronics. All the famous brand 
names in Transceivers, Receivers, HF, VHF- 
UHF, FM equipment. The latest in Antennas, 
Rotors, Towers and all the necessary 
accessories. 

Santa’s so shrewd, even his own personal 
station could have been bought at Hamtronics 








No Sales Tax 
lo Out-ot-Statc 
Residents 


for a lot less than he’d pay at 
the dealer closest to home — 
the North Pole! Why not take 
a tip from Santa, shop 
Hamtronics, today. 

Even though we offer the best deals, we will meet or 
beat any other dealer’s advertised price ^ */i 


i 


Just for openers 
look at these excit 
ing stocking deals at 

won’t leave you hanging 

a ^ er 

%»*«A n [f P S tocK?ng 
| package , 


A Division of 
Trevose Electronics, Inc. 
4033 Brownsville Rd. 
Trevose, PA 19047 


IPS SHIPPING 
PAID ORDERS 
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PacCoMM TNC-220 

HF / VHF Terminal Node Controller 


*124.95 

KIT 

The TNC 220 is a new, low-cost Packet 
Terminal Node Controller evolved from 
the Pac Comm TNC 200 (TAPR TNC-2). 
It uses more large scale integrated cir¬ 
cuits and fewer components to provide 
greater functionality, reliability and 
sensitivity with reduced size and cost. 
The single-chip modem used for both 300 
baud HF and 1200 baud VHF operation 
has two radio ports. Switching between 
ports is done entirely in software and no 
cable changing, no switch setting and no 
retuning is required! The HF port has an 
active bandpass filter and provides either 
FSK or AFSK keying. An optional tuning 
indicator slides inside the cabinet. A 
standard modem disconnect header will 
connect accessory high-speed or satellite 
modems. 


• Two radio ports 

• 7910 single-chip modem 

• 300 and 1200 bauds 

• Enhanced command set 

• Multi-color status LED’s 

• Supports RS-232 and 
TTL computers 

• Active HF bandpass filter 

• Tuning indicator option 

• 12 volt DC operation 

• Premium quality case 

• 6" w x 2" h x T d 


- *159.95 

1 ASSEMBLED 

The TNC-220 has the familiar TAPR 
command set and AX.25 Level 2 Version 

2 protocol running on a Z 80 processor 
with 32k bytes of EPROM and 16k bytes 
of battery-backed RAM A Zilog 8530 
SCC performs all packet HDLC in 
hardware. The terminal port can select 
either RS-232 or TTL for your C-64/128, 
VIC-20 or other TTL computer. Five 
large, color coded LED’s clearly indicate 
status at a glance. The power switch is 
now located on the front panel. The 
TNC-220 is enclosed in a rugged ex 
truded aluminum cabinet with an attrac 
tive two-tone blue front panel. All indi 
calors and controls have large, clear 
labels. 

Tech Line (813) 874-2980 
Write For Free Packet Catalog 
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WORLD-TECH PRODUCTS 


KNOW THE TIME 
ANYWHERE, 
EVERYWHERE, 
INSTANTLY 


IS, 

SALE PRICE 

* 34.95 

Reg '44 95 

M B?0l Id 
SOU) 


Y SALE PRICE 

TmX * 37.95 

rivw' j Re914995 

A M3IMAISI 


■ • !,ul! m I'vn 'i ii! 

pint ka>dsom«lr 
dispart n 1 mtot acrylic SUM 


SALE PRICE 

* 54.95 

Reg '7995 
M320? W(G| 
wooo com 


rife 

SALE PRICE 

* 74.95 

Reg '89 95 
M3I04L 
IUCITE 


• 12/24 Hour Time Piece 

• Dual Dial World lime Clock 

• Easy to read local time in cities around 
the world 

• Daylight/Nighlime shown on 24-hr dial 

• Accuracy assured to ± 15 seconds per month 
with quarto movement 

• lime piece diameter 6V' 

Uses 1 AA battery not included 

• Guaranteed loi one year 


UNIQUE 


ORDERS ONLY CALL 24HRS/7 DAYS 

1 - 800 - 835-2246 

Ext. 216 

Flotilla residents add 5\ sales la* 
Wilhin Itie Continental US A please add’? SO 
shipping and handling 

WORLD TECH PRODUCTS. INC. 

1233 Kapp Dr, Clearwater. FL 33575 
(813) 442-5862 
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PRACTICALLY SPEAKING ...~y 


"function generator" 
circuits from your 
signal generator: part 1 

Many readers own sine wave or 

square wave generators, or can make 
them using simple circuits. In this ar¬ 
ticle, I'll show how to make a function 
generator out of simple audio signal 
generators. First, we'll look at making 
square waves out of sine waves, and 
then follow up with generating trian¬ 
gle and sawtooth waveforms. 

keeping the circuits stable 

In preparing this article I had to 
breadboard several circuits (integra¬ 
tors! to check out the principles 
presented. Ordinarily, common 741 
operational amplifiers are used for my 
casual projects because those devices 
are both low-cost and well-behaved. 
Unfortunately, their "well-behaved" 
quality is due to their unconditional 
stability; in other words, the frequen¬ 
cy response is rolled off so much that 
there's little chance of oscillation. That 
fact makes it Qasy for the builder to be¬ 
come slack in such matters as power 
supply bypassing. The 741 will usual¬ 
ly operate normally with the power 
supply leads unbypassed, but op-amps 
with higher frequency responses (such 
as the CA-3140 BiMOS device, with its 
8 MHz gain-bandwidth product) will 
become unstable and oscillate if the 
power supply is unbypassed. 

Figure 1 shows the first circuit that 
I connected. Because the integrator 
circuits being checked are based on 
the inverting follower, I first connect¬ 
ed an inverting follower with a gain of 
1 (R1 = R2 = 470 k) to test the op- 
amp from my junk box and the bread 
board connections. The idea was to 
then replace the appropriate resistors 


with the correct integrator compo¬ 
nents. When a 400-Hz sine wave sig¬ 
nal was applied to the input, the 
oscilloscope showed the waveform in 
fig. 2. Note the thickening of the 
trace; the fuzziness indicates oscilla¬ 
tion at high frequency. Expanding the 
trace demonstrated that the oscillation 
was at a frequency somewhat higher 
than 20 kHz. (fig. 3). 

The CA-3140 operational amplifier 
has a higher gain-bandwidth product 
than the older 741, and requires the 
bypass capacitors shown in fig. 4. 
When I connected those capacitors 


*iev 

9 


4 rot 



fig. 1. An inverting follower tests the 
op-amp from junk box and the bread 
board connections. 



fig. 2. 400 Hz output with superimposed 
20 kHz oscillation. 


into the circuit, the oscilloscope 
showed the trace in fig. 5, which is the 
correct trace. Beware! Always follow 
good shop, lab, and design practices. 

square waves from 
sine waves 

Figure 6 illustrates a method of con¬ 
verting sine waves into square waves. 
The circuit is an operational amplifier 
connected as a comparator. Because 
the op amp has no negative feedback 
path, the gain is very high; with typi¬ 
cal op-amps gains of from 20,000 to 
2,000,000. Thus, a voltage difference 
across the input terminals of only a few 
millivolts will saturate the outputs. 
From this behavior, we can understand 
the operation of the circuit and the 
waveform in fig. 6. 

The input waveform is a sine wave. 
Because the noninverting input is 
grounded, the output of the op-amp 
is zero only when the input signal vol¬ 
tage is also zero. When the sine wave 
is positive, the output signal will be at 

Vo; when the sine wave is negative, 
the output signal will be at + Vo. The 
output signal will be a square wave at 
the sine wave frequency, with a peak- 
to-peak amplitude of 2Vo. An output 
level control, variable gain post¬ 
amplifier stage or an attenuator net¬ 
work can be used to reduce the signal 
to a usable level. 

Before we turn our attention to cir¬ 
cuits for generating other waveforms, 
let's investigate the topic of operation¬ 
al amplifier integrators. 

integrators 

Electronic integrators must find the 
time average of the input waveform. 
The simplest form of integrator is the 
resistor capacitor (RC) network shown 
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MODEL RM 35* 


RS-A SERIES 


pi 


MODEL RS 7A 


RS-M SERIES 


MODEL RS-35M 


VS-M SERIES 


MODEL VS 20M 


RS-S SERIES 


MODEL RS-50M 

_ I_ 

MOOEL VS-50M 

19" X S',4 RACK MOUNT POWER SUPPLIES 






Continuous 

ICS’ 

Site (IN) 


Shipping 

Model 

Duty (AMPS) 

(AMPS) 

HXWXO 


Wt. (lbs.) 

RM35A 

25 

35 

5'/« x 19 x 

12V? 

38 

RM 50A 

37 

50 

5V. x 19 x 

12V? 

50 

• Separate Volt and Amp Meters 





RM 35M 

25 

35 

5’/4 x 19 x 

12 V? 

38 

RM 50M 

37 

50 

5V< x 19 x 

12 V? 

50 






Continuous 

ICS* 

Slz* (IN) 

Shipping 

MODEL 

Duty (Amps) 

(Amps) 

HiWXD 

Wt (lbs) 

RS-4A 

3 

4 

3V4 x 6'/t x 9 

5 

RS-7A 

5 

7 

3Ve X 6'/j x 9 

9 

RS 7B 

5 

7 

4 • 7 Vi • 10V« 

10 

RS-10A 

75 

10 

4 x 7'/t x 10V* 

11 

RS-12A 

9 

12 

A'A x B x 9 

13 

RS-20A 

16 

20 

5 x 9 x 10 V? 

IB 

RS-35A 

25 

35 

5x11 x 11 

27 

RS-50A 

37 

50 

6 x 13% x 11 

46 

• Switchable volt and Amp meter 





Continuous 

ICS* 

Size (IN) 

Shipping 

MODEL 

Outy (Amps) 

(Amps) 

NiWiD 

Wt (lbs) 

RS-12M 

9 

12 

4 V? x 8 x 9 

13 

RS-20M 

16 

20 

5 x 9 x 10 V? 

18 

RS-35M 

25 

35 

5x11x11 

27 

RS-50M 

37 

50 

6 x 13 V. x 11 

46 

• Separate Volt and Amp Meters 




• Output Voltage adjustable Irom 2-15 volts 




• Current limit adjustable from 15 amps to Full Load 




Continuous Outy 

ICS* 




(Amps) 

(Amps) 

Size (IN) 

Shipping 

MODEL 

$13 fVOCO HVOC® 5VK 

@13 8V 

HxWxD 

Wt (lbs) 

VS-20M 

16 9 4 

20 

5x9x10V? 

20 

VS-35M 

25 15 7 

35 

5x11x11 

29 

VS-50M 

37 22 10 

50 

6 x 13V. x 11 

46 

• Built m speaker 






Contmous 

ICS* 

Size (IN) 

Shipping 

MODEL 

Outy (Amps) 

Amps 

HxWxD 

Wl (lbs) 

RS 7S 

5 

7 

4 x 7Vi x 10% 

10 

RS 10S 

7 5 

10 

4x7 W x 10% 

12 

RS 10L(For LTR) 7.6 

10 

4-9-13 

13 

RS 12S 

9 

12 

47? x 8 x 9 

13 

RS20S 

16 

20 

5 x 9 x 10Vi 

18 


MODEL RS 12S 










fig. 3. Expanded trace shows oscillation 
signal 


in fig. 7. In this circuit, the output vol¬ 
tage change is related to the capaci¬ 
tor's rate of charge. The rate of 
increase in Vo depends upon the input 
voltage and the values of R and C. If 
you recognize the circuit as a low-pass 
filter, you are correct. The integrator 
also functions as an LPF with a roll-off 
of —6 dB/octave above the 3 dB 
knee frequency (1/6.28 RC). 

An active integrator is shown in fig. 
8. The active element is an operation¬ 
al amplifier, and it has a capacitor in 
the feedback network. This circuit is 
basically the inverting follower with the 
feedback resistor (R2) replaced by a 
capacitor. The transfer equation of this 
circuit is given by the expression shown 
in fig. 8. In this expression, the 
resistance is in ohms, and the capac¬ 
itance is in farads. The term "a" is a 
constant that represents the initial 
charge on the capacitor, which could 
be zero. The constant factor - 1 indi¬ 
cates that the circuit is inverting, so a 
positive-going input voltage produces 
a negative-going output voltage, and 
vice versa. 

The gain of this circuit is 1/RC. 
Keep in mind that with small values of 
R and C, this gain can be very, very 
high, with resulting problems for the 
designer. Consider this example: what 
is the gain of an inverting integrator in 
which R = 10 k and C = 100 pF? 

GAIN = - l/RC 
GA IN = ~ I /((10.000 ohms) x 
(100 x 10 ' 2 farads)) 
GAIN -1/0.000001 
GAIN = - 1,000.000 

At a gain of 1,000,000 we find that 




fig. 5. "Cleaned up" waveform from correct 
ed circuit. 

with a small error or dc offset in the 
input signal, the output will be tremen¬ 
dous. For example, suppose we have 
a 1-volt peak-to-peak sine wave that 
has a 10-mV dc offset (not very much). 
This dc offset will be integrated with 
a gain of 1,000,000 so that 10 mV be¬ 
comes (lOmV) x (1,000,000) = 10,000 
volts. Of course, the output of the op 
amp is limited to about 10 or 12 volts, 
so the output will saturate quickly. The 
normal offset of a 741 will saturate the 
output of such an integrator so fast 
you'll think it's shorted! In general, the 
rule of thumb is to make the time cons 
tant of the RC network long (i.e., 5X) 
relative to the period of the input 
signal. 

Figure 9 shows some common elec¬ 
tronic signals at the input and output 
of an electronic integrator. In each 
case, the upper trace is the input and 
the lower trace is the output. For the 


case of the sine wave shown in fig. 9, 
the output is phase-shifted 90 degrees 
to become a cosine wave. Thus, the 
output is in quadrature with respect to 
the input signal. Although only a few 
Amateur uses for quadrature signals 
exist, there are some, so an example 
is included. 

The integrator action on square 
waves is shown in fig. 10. Because the 
amplitude of a square wave is cons 
tant, the integrator output will rise at 
a constant rate until the square wave 
drops low again. At that time, the 
slope of the output waveform changes 
and starts decreasing. Thus, the in¬ 
tegrator makes a triangle waveform 
out of a square wave. Incidentally, this 
technique is used in commercial func¬ 
tion generators to form triangle 
waveforms. 
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to the world’s most- 
advanced antenna system! 

WITH NOT A SINGLE 
WATT WASTED IN LOSSY 
TRAPS! (There aren’t any!) 

Hams in over 50 DXCC count¬ 
ries have done so already! 


The DJ2UT-Multiband-Systems 
otter: 

- Maximum gain plus F/B 
ratio with low VSWR across 
each band 

- 2 kW CW output power 

- 10/15/20/(30) 40-meter 
bands with up to 7 band 
coverage incl. WARC bands 
with self-supporting 
“TWIN-BOOM'' and boom- 
legths from 8 to 20 ft 

- Air-core teflon dielectric coax- 
balun and stainless-steel 
hardware at no extra cost 

- traditional Blackforest crafts¬ 
manship 

The DJ2UT-MULTIBANDERS 
provide the superior full-size 
monoband-beam performance 
required during the present 
sunspot minimum. 

For further information contact: 



H.J. Theiler Corp. 

P.O. Box 5369 
Spartanburg, SC 29304 
(803) 576-5566 
or our distributor in Canada: 
Dollard's Radio West 
P.O. Box 58236 
762 S.W. Marine Drive 
Vancouver, B.C. V6P 6E3 

Selected dealerships available. 


next month 

In part 2 we'll examine a practical in¬ 
tegrator circuit and some practical 
sawtooth generator circuits. 

more on flood damage 

After my column on flood damage 
appeared in ham radio (October, 1985, 
pqgc 95), I used some of the same 
material, presented differently, in a ra¬ 
dio/TV repair trade magazine. One 
reader, a former Naval officer who had 
supervised electronics technicians on 
shipboard, endorsed my advice and 
added some of his own. 

He described an unusual manner of 
repairing salt water-soaked equipment. 
A sailor would take the damaged 
equipment into the shower and slosh 
it down thoroughly with warm water 
(distilled or softened water is preferred, 
though not always available). He'd 
then take the desalinated equipment to 
the galley and dry it out in the ovens 
with low heat and good air circulation. 

The retired officer also suggested 
cleaning equipment covered with oily 
dirt with a mixture of 8 to 10 ounces 
of household ammonia, 4 to 6 ounces 
of a cleaner such as Mr. Clean™ or 
Lysol,™* 4 to 6 ounces of acetone (the 
ingredient in some fingernail polish 
removers), and enough distilled (or 
softened) water to make one gallon of 
solution. Dunk the equipment into this 
mess. (For larger equipment, propor¬ 
tionally larger amounts can be used.) 
He also recommended using an old 
Water Pik™ tooth cleaning device to 
hose off equipment too large to dunk; 
the equipment is then dried in an oven 
set to 140 to 150 degrees F (note: 
some plastics used in Amateur equip¬ 
ment will melt at temperatures over 
130 degrees, so beware) for 4 to 5 
hours. All lubricants in switches, po¬ 
tentiometers, and air-variable capaci¬ 
tors must be replaced after this 
treatment. 

The black asphalt like goop that 
oozes out of overheated transformers 


‘Mixing ammonia with any cleaning product (such as 
chlorine bleach) that contains sodium hypochlorite 
produces chlorine gas Always check the label of any 
household cleaner before combining with ammonia, 
and be sure ventilation is adequate 
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two components a ca 

resistor. 

tegrator uses 
pacitor and a 



c 

M 

— VS/V -T— )| 1 


*1* 


*1 

[\ 1 



>fa 


X • " « /•-* • - / 

la HMiuHni utu! hwi hr .«!»/ 
It (i m i*hwt. i it mi /«n»l< 

r 

fig 8. An active integrator uses 
stage plus capacitor and resistor. 

gain 



fig. 9. Common input/output signals inte 
grated —sine wave becomes cosine wave 
(90 degree phase shift). 



fig. 10 Square waves become triangular 
waves. 

can be easily removed from chassis by 
using either freeze spray or a blast 
from a C0 2 fire extinguisher. (Use one 
that needs refilling; don’t waste your 
fire protection on cleaning jobs.) The 
brittle, frozen goop can be flaked off 
using a dental tool or soldering tool. 

ham radio 
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PRO-SEARCH'" ELECTRON ICS, INC . 

NEW DIGITAL CONVERSION MM! 

* BRIGHT DISPLAY OF YOUR HEADING 
1/2"X 1 1/2" PAT.PEND ING 


C > KJ 


FOR ALL COE ROTORS . 

N . & S . CENTER ONLY $• O ^ 


EASY TO INSTALL 
* C0NTIN IUOUS 360 


PLUS SHIPPING 


1-8 O0-325-4016 


1350 BAUR BLVD. .ST.LOU IS. NO. 63 1 3 P 

PRO-SEARCH 

Reaching The World 


MADISON 

Electronics Supply, Inc. 

3621 Fannin St. • Houston, Texas 77004 


DESIGN EVOLUTION 


zU 

COOPER 

INDUSTRIES 


BELDEN 


BELDEN 

9913 tow toss, solid center conductor, toll & Droid 
shield excellent product 45e4t 

8214 RG8 loom. 43<*t 

8237 RG8 40c4t 

8267 RG213 52011 

8262 RG-58 cftj milspec 16ott 

8000 14ga stranded copper ant wire 13cltt 

8448 8 conductor rotor cable 31cttt 

9405 as above but HD-2 16ga. 6-18ga 529ft 

8403 MIc cable 3 condctr & shield 80S/H 
100 feel 8214 wbnds installed 45 00 

9258 RG8X.19«/ft 

POUCIES—MASTERCARDS, VISA or COD 

All prices FOB Houston. Texas except as noted 
Prices subject to change without notice subject to 
prior sale Used gear sale price relunded it not 
satisfied Call anytime to check status of your order 
Texas residents add sales lax 


FOR MORE INFORMATION CALL 


outside Texas 

1-800-231-3057 

Texas and outside US. 

1 - 713 - 520-7300 


• Linear (all mode) RF power amp with 
automatic T/R switching (adjustable 
delay) 

• Receive preamp option, featuring 
GaAs FETS (lowest noise figure, bet¬ 
ter IMD). Device NF typically 5 dB 

• Thermal shutdown protection incor¬ 
porated 

• Remote control available 

• Rugged components and construc¬ 
tion provide for superior product 
quality and performance 

• Affordably priced offering the best 
performance per dollar 

• Designed to ICAS ratings, meets FCC 

part 90 regulations t 

• 1 year transistors warranty 

• Add $5 for shipping and handling 
(Cont. U S ). Calif residents add ap¬ 
plicable sales tax 

• Specifications/price subject to change 


//// 

// 

f -X 

f ^ 
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lMH/1 

<W) 

1410 

1410G 

144 

160 

141? 

1412G 

144 

160 

2210 

2210G 

220 

130 

2212 

2212G 

220 

130 

4410 

4410G 

440 

100 

4412 

4412G 

440 

100 


1 Models with G suffix have GaAs 
FET preamps Non-G suffix units 
have no preamp 

2 Covers full amateur band 170 
♦SEND FOR FURTHER INFORMATION * 

TE SYSTEMS 

P O Box 25845 

qvptcmq Los Angeles. CA 90025 
BYBTEIV1B| (2 , 3)47B<)591 
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Your Number One Source of PACKET Information 



For Computerists and Amateur Radio 




U.S.A. 


$18.00 1 Yr 
$33.00 2 Yr 
$48.00 3 Yr 


Mexico & 

Canada $32.00 1 Yr 
All Other 

Countries $68.00 1 Yr 
(Air) 

$43.00 

(Surface) 

U.S. $ FUNDS ONLY 
Permanent U.S. 

Subscription $150.00 
Sample Copy $ 3.50 

Cut out and mail coupon at right to: 

Circulation Manager 
1704 Sam Drive 
Birmingham, AL 35235 
205) 854-0271 — 


Why you 
Should 
Subscribe! 

Read what our 
subscribers say! 

• it's in the fine print ■ 

•Your magazine is the finest innovation that I have seen in ham radio since 
1953 - except... maybe the all-solid state transceiver. Carl Soltesz • 
Twelve more, please. Ed Shaughnessy • Love the articles on Timex-Sinclair 
computers. A. Nieuwenhoff, Sutton, MA * ...have most certainly 
received my moneys worth in software... Michael Regan, K8WRB • ... 
information contained in the articles has made me more "computer literate" 
than would have been possible reading only publications dedicated to my 
particular computer. Donald H. Haisccher, W8MHR, Martinsburg, 
WV • Here it is renewal lime already -- time sure passes fast when you are 
having fun {reading CTM). Bob Sirekis, Holly Hill, FL • ...thank 
your for a great magazine. Frank Davis, Peru, IN • Another year goes by and 
another subscription dollar well spent. R. P. Campbell, LaPlace, LA • 
CTM and you have found the way to an advertisers heart. Quality of 
publication and reasonable advertising rates are basic criteria you have 
achieved better than your competition. But what really sets you apart from 
others is empathy, a tasteful quality in which you excell while others can't 
even pronounce the word. Bob Harris Sr., BCD Electro, 
Richardson, TX * ...you have found a nice niche for CTM in packet... 
you have me getting interested... Charlie Curie, AD4F Chattanooga, 
TN > The packel/compuier info convinced me to subscribe. John 
Skubick, K8JS • Enclosed is my check for renewal of my subscription. I 
enjoy the down to earth and homey style of your magazine and the many 
fine computer articles... Andy Kosiorek, Lakewood, OH • / was both 
pleased and dismayed upon becoming acquainted with your magazine at HAM- 
COM. Pleased that I discovered your magazine ■ dismayed that l didn't long 
before now. Bill Lathan, AK5K • ...CTM gives the finest coverage to 
packet radio that / have seen in any of the computer or amateur radio 
magazines. It would appear that CTM has just the right blend of 
packet/amateur radio articles and computer articles. Barry Siegfried, 
K2MF * Thank you for an excellent magazine, and the only magazine 1 
read over 75% of W. F. Pence Jr. • ... your publication is the most 
enjoyable computer magazine on the market. Andrew Zerbe * 
Congratulations on your informative magazine. Looking forward to each 
issue. Carl & Nancy Jones, Kodiak, AK • ...received my moneys 
worth with just one issue... 3. Trenbick • ...always stop to read CTM , even 
though most other magazines I receive (and write for) only get cursory 
examination... Fred Blechman, K6UGT • (a year later) thought you 
would like to know, it still goes... Fred Blechman, K6GT • Of the three 
HAM magazines I received each month QST, 73 and CTM, CTM is the 
only one / read from cover to cover and carry with me during my travels 
abroad. Most of the time it remains in that country. Buck Rogers, 
K4ABT * 
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NEW FT-23/73 

Mini handheld for 2m or 440 MHz. 2.5 
W output. 10 memories. LCD display. 
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Orders & Quotes Toll 
Free: 800-336-4799 

(In New England: 800-237-0047) 
(In Virginia: 800-572-4201) 

EGE VIRGINIA 

Information 4 Service (703) 643-1063 
Service Department (703) 494-8750 
13646 Jefferson Davis Highway 
Woodbndge, Virginia 22191 
Store Hours; M-Th 12 noon—6 pm 
F 12 noon-8 pm 
Sat; 10 am-4 pm 
Order Hours M-f 9 am-7 pm 
Sat 10 am-4 pm 

EGE NEW ENGLAND 

8 Stiles Road 

Salem, New Hampshire 03079 
New Hampshire Orders,' 

Information A Service (603) 898-3750 
New England Orders: 800-237-0047 

Store Hours; 

MTWSat 10 am-4 pm 
ThF 12 noon-8 pm 
Sun Closed 

•Order and we'll credit you with SI for the call 




Our Associate Store 

Lacombe Distributors 

Davis & Jackson Road, P O Box 293 

Lacombe, Louisiana 70445 

informatioq A Service (504) 882-5355 

Terms: No personal checks accepted Prices do not 
include shipping UPS COO fee $9 35 per package 
Prices subject to change without notice or obligation 
Products are not sold for evaluation Authon/ed returns 
are subject to a 15% restocking and handling fee and 
credit wiN be issued for use on your next purchase 
EGf supports the manufacturers warranties To get a 
copy o# a warranty prior to purchase, call customer 
service at 70304>1063 and it will be furnished at no 
cost 


Much More in stock! 
Send $1 for our 
New Fall Buyer’s 
Guide-Catalog. 

More Helpers 

• Marine radios by Icom 

• Commercial Land Mobile by 
yaesu 

• Telephones by AT&T, Cobra, 
Southwestern Bell, & Panasonic 

• CBs by Uniden, Midland, Cobra 

• Radar Detectors by Uniden, 
Cobra and Whistler 


Plan Ahead! 
Order Early 
For Christmas 


Antennas 

HF, VHF, SWL, scanner, marine, & 
commercial lor Mobile or Base 
Cushcraft 

Mini-Products • Larsen 
B&W • Van Gorden 
Butternut • KLM 
Mosley • Hustler 
Telex Hy-Gain 

Towers 

Unarco-Rohn, Hy-Gain, Tri-Ex 
Ask for special quotes on package 
deals including cable, guys, 
connectors, turnbuckles, etc. 

Accessories 

Phillystran 
Kenpro • Alliance 
B&W • Telex Hy-Gain 
Daiwa • MFJ 
Bencher • Amphenol 
Astron • Welz 
B + K Precision 

Amplifiers 

Diawa • Ameritron 
Amp Supply • Vocom 
TE Systems 
Tokyo Hy-Power 

Computer Stuff 

Packet Radio 
Hardware and Software 
for RTTy/Morse 
Hal • Kantronics 
Microlog • MFJ 
Ham Data Amateur Software. 

Shortwave 

Sony 

Panasonic 

Yaesu 

Kenwood 

Icom 

Scanners 

Uniden/Bearcat 

Regency 

More Radios 

Encomm/Santec 

KDK 

Ten-Tec 


FT-767GX 

All-mode transceiver. Cat system 

FT-757GX 

HF XCVR/Gen. Coverage Receiver 

FT-797G 

Dual-band handheld for 2m/440 MHz 

SOFTWARE 

GX Turbo and Catpack for the FT- 
757GX and Catpack for the FRG-9600 
Receiver 

KENWOOD 
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TS-440 

HF XCVR with built-in Antenna Tuner. 

TS-940 

HF XCVR/Gen. Coverage Receiver. 

TM-2S30A / 50 A / 70 A 

25/45/70-watt mobile 2m rigs. 

TM-901B 

2m Mobile, 45-watts 

Handhelds 

TR-2600A, TR3600, TH21AT, 31AT, 
41 AT Call for quotes 


| ICOM 

IC-735 

Compact HF Transceiver 


IC-751A 

HF XCVR/General Coverage 
Receiver 

VHF/UHF 

2m- 27A, Q7H, 271A, 271H 

220 MMi- 37A 

4*0 MHt- 471 A, 471H, 47A 

IC-02AT, 04AT 

Small, light HTs for 2m or 
440 MHz. 10 memories 
and scan functions. 

IC-A2 in stock 

Aircraft handheld 

IC-2AT, 3AT, 4AT, HAT 

Handhelds for 2m, 220 
MHz, 440 MHz, 12 GHz 

Package Quotes on 
Radios/Accessories 
& Antennas/Towers 










NEW 24 Page 
Buyer’s Guide 
With Guaranteed 
Lowest Prices 


•Explains all about FREE 100 
channel Satellite TV and how 
to shop Tor an earth station! 


•lists GUARANTEED 
LOWEST PRICES...we will 
not be undersold, save 30-50°/o 
over local dealer prices! 


• Tells how to easily and quickly 
Install-Your-Own earth station 
and save S400 or more! 


• Shows how to demonstrate and 
sell earth stations from your 
home and earn extra money! 

unlden 

8ALCOA 

nrtttew ♦BED 

The new SATMAN Buyer’s t»uidc tv a necessity lor any 
prospective or current earth station owner who wants to 
\avc big money on name brand satellite products and 
also earn some extra money Buy direct, Do-1 1 
Yourself, and save with SATMAN loll free ordetmg, 
no vales las (II only), major credit cards accepted, huge 
in stock inventories available, and last UPS shipping 
anywhere in U.S. Check with NAIMAN before you 
bus I* e will not he undersold! ( all now lor vuur free 
24 page SATMAN Buyer's Ciuide 

1-800-4-SATMAN 

I JCN 692-9582 Illinois 



GET A BIRD’S EYE VIEW 

From GrafTrak II T " and your IBM* PC 
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coverage stale «nd updates «*nce pet second Spherical projection views and graphic screen dumps to an IBM hpsonOii printer 
can also be poMmcd Requires an IBM PC' PC' XI. PC Al. »w true compatible an IBM Color C'oaphics Monitor Adapter or true 
coftijutible. XOK" math coptircesvir. niiiiinium 2'bK RAM with M2K recommended. |X)S 2 tlor later and cither iwo CwiK floppy 
drives or one COOK (loppy ami one hard drive 

Sll ICON I Pill MI-.RIN" powkles tabular data output to tlie sciecn. |w inter or disk tile lor the lollowinj* operating modes I 
observer to in saielhtcs. lb observers to I satellite, schedule lm I observer to I satellite, window between 2 tibscrvers and I 
satellite, rise ami set limes lor I satellite, time ordered rise and set tunes lor lb satellites. Alnuitac (in Sun jnd Moc*n. lb «»bscrvcrs 
to Sun M>*m. Nctiedule bn I observer to Moon, window between 2 irbservers ami Moon schedule fi* I observer to Sun Requires 
cither an IBM PC. IX' XI. IX' AI. or true compatible and IBM Monochrome or IBM Color/Graphics Monitor Adapter or turr 
compatible, an optional H0M7 math c«qm«cevsoi 2V*K RAM. IX»S 2 0 or later ami one »N>K ll.ippv drise 

Each package iiuludcs SP.D. an editor program to lonslrucl ami nvodify Satellite Ohcerver database tiles Vhcse products can be 
run from a hanl disk and are not copy protec ted 


CimlTrak II" ami Sll ICON I fill MI’.RISan: piccd at SII9.9.S each or SI99 US l.w both lecas tesidenls add vales tux Order 
by check, mono order. MavterC aid. or VISA 

SiImki Solutions. IrK - HO llm 742WI. • ItiiuMon. Ii ,a, 77274 JM(i • |7I1> Mil *727 ^ 


law .. . kimoJ 


<«ai.a ii mi \.i» 


MAKE CIRCUIT BOARDS 
THE NEW. EASY WAY 



WITH TEC-200 FILM 

JUST 3 EASY STEPS: 

• Copy circuit on TEC-200 film using 
any plain paper copier 

• Iron lilm on to copper clad board 

• Peel ott lilm and etch 

SATISFACTION GUARANTEED 
convenient 8 ’/j xll size '' 165 

5-Sheets for $3.95 
10 sheets only $5.95 

arid SI 00 postage NY tes add soles lax 

The MEAD0WLAKE Corp. 

Dept P. P O Box 497 
Norlhporl. New York 11768 



Increase your Code Speed the FUN Way 
with 

Station Manager/CodeTutor 

Randomly generates words eliminat¬ 
ing the problem of tape memorization. 
Select you own speed and tone 
5-50 wpm 400-1300 Hz 
Designed for the IBM - PC - .XT PC 
jr Menu driven, prompts for easy 
use; full color displays: 

SI 5.95 + $3.00 shipping 

Ohio resi<ktni$ include sales inx 

OMEGA CONCEPTS, INC. 

Professional software lor the Radio Amateur"' 

P 0 Box 615H 
Troy. OH 45373 

IBM ts n registered tr.idem.irk ol lntern.ition.il Business 
Machine Corp 
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VHF/UHF WORLD 


sift 


a high-gain 70-cm Yagi 

The Yagi is surely the king of 
antennas below 450 MHz. There have 
been tremendous strides in Yagi 
design in the past decade; they 
include, but are not limited to, 
increased gain per unit of boom 
length, very long boomlength designs 
(5 to 20 wavelengths), improved side- 
lobe patterns, wide bandwidth, and 
improved front-to-back ratios. 

Last May's VHF/UHF World sum¬ 
marized many of the facts and fallacies 
about Yagi design. It also described 
some of the history associated with 
Yagi design and presented data on 
approximate gain and boom correction 
factors. That column 1 should be 
reviewed before reading this month's. 

That column also mentioned using 
computers to optimize Yagi designs. 
Understandably, many Amateurs have 
neither the specific expertise nor the 
computer capabilities needed to design 
their own Yagis. These Amateurs pre¬ 
fer either to purchase commercial 
antennas or build a tried and proven 
design. The latter is the subject of this 
month's column. 

metamorphosis of a 70-cm 
long Yagi 

In the mid-1970s I became interested 
in designing a long Yagi to replace my 
extended expanded collinear. 2 The 
NBS 4.2-wavelength Yagi was used on 
tropo and EME, but more gain per 
antenna was still desired. 3 Proven 
designs with high gain were lacking 
and I didn't have the time to "roll my 
own" design. 

In 1977, Gunter Hoch, DL6WU, 
published an article on long boom 
Yagis, but I didn't give it much thought 
at the time. 3 However, in 1981, deter¬ 


mined to beat the NBS designs, I 
decided to see if Hoch's claims were 
valid. The day before leaving for Sioux 
Falls, South Dakota, to attend the 
Central States VHF Conference, I built 
and partially tested a hurriedly- 
designed 28-element, 21-foot boom, 
432-MHz model. 

The reaction of other participants in 
the antenna measuring contest was as 
expected; "What's W1JR trying to 
prove now?" "Will it work?" "What a 
monster!" But it pinned the test meter 
in the antenna measuring contest. 
Tension mounted as this design beat 
all other entrants by almost 2 dB! The 
topic of conversation quickly changed 
from "Will it work?" to "How can I get 
a copy of the dimensions?" 

In this particular design, docu¬ 
mented in reference 5, elements were 
placed through the boom using ohmic 
contact with NBS boom corrections. 3 
The boom was made from a 21-foot 
length of 3/4-inch square aluminum 
left over from a previous project. 
Several Amateurs quickly duplicated 
the design with great success. Other 
Amateurs used four of these Yagis 
successfully on 70-cm EME. Perfor¬ 
mance seemed to equal that of eight 
of the then-popular shorter boom- 
length designs, but with far less feed 
system loss and complexity. 

When DL6WU updated his design, 6 
I decided to use the new information 
to build an improved model, particu¬ 
larly in terms of improving the mechan¬ 
ical design. I wanted insulated 
through-the-boom elements because 
they're easier to work with and don't 
require set screws to get good ohmic 
contact to the boom. 

With the help of the new electrical 
design information, 1 built a 21- and a 


24-foot boom model using a 1-inch 
square boom. The boom corrections 
for insulated through-the-boom mount¬ 
ings had been determined earlier on a 
similar antenna design. The larger 
boom was much stronger than the pre¬ 
vious design and easier to build 
because it didn't require all the drilling 
and tapping. 7 

These new designs had higher gain 
and an even cleaner pattern than the 
previous models. Closer observation 
showed that in addition to slightly 
higher gain on the 24-foot model 
(which was as expected), this model 
also had a better front-to-back ratio. 
Had the sought-after long Yagi 
antenna design at last been found? 

further development 

Just about this time computer-aided 
Yagi design programs became availa¬ 
ble. 9 Stan Jaffin, WB3BGU, and Steve 
Powlishen, K1FO, wasted no time in 
trying to see if this Yagi had all the gain 
seen on the antenna ranges. It did, but 
they noticed that the sidelobes, while 
as good as other moderate-to-long 
Yagi designs, weren't as good as re¬ 
quired for EME. The antenna also ap¬ 
peared to be tuned higher in frequency 
than desired. Additional range testing 
seemed to show that the sidelobes, 
while not down as far as desired (16 
to 18 dB below the main beam), were 
also not as poor as the antenna 
program indicated. 

Then the MININEC program was 
obtained and tried by several antenna 
designers. Voila! Using this program 
and modeling with eight segments for 
each element, the computer generat¬ 
ed patterns that were amazingly close 
to those measured in actual tests. 

The pattern of the original 24-foot 
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Yagi shown in fig. 1, using data from 
MININEC, seems to very accurately 
predict the pattern and gain measured 
on an antenna range. Gain was calcu¬ 
lated to be approximately 19.15 dBi 
with the first sidelobes at 15 and 14 dB 
in the E and H planes, respectively. 
Gain on the test range was just above 
19 dBi or very close to the predicted 
value. 

Although I still wasn't happy with 
the pattern, I didn't have a suitable 
program or computer with which 
I could try to improve the perfor¬ 
mance. Because he was designing a 
new EME array for NCI I, 10 Steve 
Powlishen, K1FO, was quite interest¬ 
ed in the problem. He tried one of his 
automatic optimization routines on my 
31-element design, and after many 
hours of computer time, found that the 
first and the last few directors were too 
short. When these directors were 
lengthened slightly, the gain increased 
about 0.25 dB, but the pattern im¬ 
proved considerably with the sidelobes 
in the E and H plane at approximately 
18 and 17 dB, respectively. 


Just prior to the 12th annual Eastern 
VHF/UHF Conference in May 1986, I 
built the new model. At the antenna 
measuring party at this conference, 
the gain was indeed near the predict¬ 
ed value, 19.4 dBi. However, what 
was even more comforting was that 
the first sidelobes in the E plane were 
nearly 18 dB down, right where the 
computer had predicted they would 
be. At last, the "almost perfect" long 
Yagi was working near the theoretical¬ 
ly highest possible gain.’ 

I obtained my own version of 
MININEC and now have it running 
on a large computer. The plots com¬ 
puted for the optimized 24-foot boom 
Yagi seem to match the measured pat¬ 
tern closely. Because I can't measure 
H-plane radiation patterns convenient¬ 
ly, it's quite valuable to have the com¬ 
puter do the pattern work for me. 
Figure 2 shows the computer- 
predicted patterns for the optimized 
Yagi. 

other considerations 

Recent tests by many Yagi builders 


have debunked the theory that long 
Yagi antenna designs are very critical. 1 
In fact, if there is a sufficient number 
of directors and the original design is 
duplicated correctly, the opposite may 
be true. The 1-dB bandwidth may be 
very large, exceeding 1.5 to 2 percent. 

Furthermore, weather conditions 
such as rain, ice, and snow tend to de¬ 
tune the frequency downwards be¬ 
cause the elements become larger in 
diameter. During extreme icing condi¬ 
tions in past years. I've actually seen 
the gain of some of the popular Yagi 
antennas drop almost to zero dB while 
the antenna actually had more gain off 
the rear than off the front! 

Therefore, it's best to design a Yagi 
to a slightly higher frequency than the 
desired operating frequency; 0.7 to 1 
percent (3 to 4 MHz at 432 MHz) 
seems to be a good compromise. Also 
remember that most Yagi antennas 
show a gain characteristic similar to 
that of a lowpass filter. That is, they 
tend to roll off more slowly in gain as 
frequency decreases but roll off very 
rapidly above the design frequency. If 
the elements are a little shorter than 
optimum, the gain will be decreased by 
only a few tenths of a dB at most and 
the pattern may actually improve at the 
operating frequency. 

high-gain Yagi construction 

Figure 3 shows the mechanical de¬ 
tails of my latest high-gain 432 MHz 
Yagi described above. It was original¬ 
ly patterned after the DL6WU model 
using his recommended element spac- 
ings. 6 However, the element lengths 
shown have been computer-optimized 
by K1FO. The computer pattern is as 
shown in fig. 2. Four of these Yagis 
will do very well on EME and eight will 
be approximately equivalent to 16 of 
the typical 12- to 15-foot models 
presently in use. 

The boom uses 1-inch square stock 
with 0.062-inch wall thickness since 
this is easier to drill and has the equiva¬ 
lent strength of much larger diameter 
round tubing. Round tubing 1 inch in 
diameter can be substituted if neces¬ 
sary, but it will be more difficult to drill 
properly in a home workshop and its 
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fig 2. The radiation pattern of the computer-enhanced 24 foot boom. 432-MHt Vagi. 
Note that the E plane is on the right hand side of the plot and that its first sidelobe 
is approximately 18 dB below the main beam. The H plane is on the left hand side of 
the plot and its first sidelobe is approximately 17 dB below the main beam. Also note 
that the magnitude of the sidelobes on both the E and H planes are 3 dB lower than 
those of the original Vagi shown in fig. 1. Gain is slightly higher at approximately 19.4 dBi. 


strength will be less than that of a 
square boom of comparable diameter. 

The boom was chosen to be 24 feet 
long (10.5 wavelengths) because at 
this length the DL6WU Yagis have 
good gain and a naturally high front- 
to-back ratio, as discussed in reference 
1. Also, 24 feet is a standard length of 
square tubing in the United States and 
Canada. (21 feet, 1 inch is also a stan¬ 
dard length in the United States and 
can be used by joining with an addi¬ 
tional 3-foot section if desired.) 

The elements are all made from 
3/16-inch diameter aluminum rod and 
are insulated from the boom as dis¬ 
cussed earlier. Elements should have 
about a 0.032-inch bevel (easily ac¬ 
complished with a file) at the end of 
the elements instead of a straight cut. 
Also, all elements should be held in 
place with "keepers." If the electrical 
performance is to be retained, it's im¬ 
portant to use this mounting method 
because this design has a built-in 
boom correction factor unique to this 
particular model. Some Amateurs 


have used teflon inserts that don't re¬ 
quire the keepers." Although these are 
satisfactory, they may require a differ 
ent boom correction factor that I 
haven't yet determined. 

K9KFR and K3IPW" can each sup 
ply the proper insulators and gal¬ 
vanized keepers. Galvanized keepers 
are adequate, but tend to rust out af 
ter extended exposure to moisture. 
Despite the increased cost, I prefer 
stainless steel keepers for long-term 
performance. The model 6100-18 re¬ 
taining ring from Industrial Retaining 
Ring Company is the type I use, but 
other suppliers may have suitable 
equivalents.** 

The feed system uses a "T" match 
because it's well balanced, easy to ad¬ 
just, and very efficient. A 4:1 balun us¬ 
ing semi-rigid 0.141-type coax, 12 
patterned after one of my previous 


'Bob Johnson, K9KFR. RR4, Road 600N, Columbia 
City. Indiana 46725: Tom Rutland. K3IPW. 1703 War 
ten Street, New Cumberland. Pennsylvania 17070. 
••Industrial Retaining Ring Company. 57 Cordier 
Street, Irvington. Ne w Jersey 07111 

^ 162 



Our 

guaranteed 
savings plan. 


Fluke 70 Series Analog/Digital multi¬ 
meters are like money in the bank. Buy 

one, and you’re guaranteed to save both time 
and money. 

Money, because you get longer battery life 
and longer warranty coverage — 3 years vs. 

1 year or less on others. 

And time, because 70 Series meters are 
easier to operate and have more automatic 
measurement features. 

So before buying any meter, look beyond the 
sticker price And take a closer look at the new 
low-priced $79 Fluke 73. the $99 Fluke 75, and 
the deluxe $139 Fluke 77. In the long run. they'll 
cost less, and give higher performance, too. 

And that, you can bank on. 

For a free brochure, and your nearest distrib¬ 
utor, call toll-free 1-800-227-3800, ext. 229. 

FROM THE WORLD LEADER 

IN DIGITAL MULTIMETERS. 
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DRIVEN ELEMENT ASSEMBLY (SEE NOTE 31 


5 5/8" 

(142.9mm) 


1/4“ (6.35mm) WIDE 
STRAP (SEE TEXT) 



-TYPE UG2I COAX CONNECTOR 


- l/2"02.7mm) WIDE STRAP 
2 PLACES 


7/8" 

(22.2 mm) 


NO.14 AWC WIRE 


DIRECTOR /REFLECTOR MOUNTING 



INSULATOR (64 PLACES) 


fig. 3. The construction of the high-performance, 31-element, 432-MHz, 24-foot boom long Yagi described in the text and plotted 
in fig. 2. Any deviations from the construction details, dimensions, or the materials specified may decrease performance unless prop¬ 
er compensations are made. 


designs, is also used. It's very impor¬ 
tant that a wide (0.25-inch) strap be 
placed between the center pin on the 
coax connector and the one side of the 
balun if the balance of the feed system 
is to be retained. 

All dimensions shown in fig- 3 
should be copied as closely as possi¬ 
ble if performance is to be duplicated. 
Changing the boom diameter, mount¬ 
ing methods, or element diameter will 
require the entire design to be modi¬ 
fied accordingly and performance can 
no longer be guaranteed. 

This long Yagi will have about 3 
inches of sag if constructed from the 
materials shown. While lack of boom 
support will only slightly decrease gain, 


the mechanical strength will suffer 
with wind or ice loading. Therefore, I 
recommend that you support the 
boom by using either Phyllistran™ or 
equivalent cable or truss the boom 
with two pieces of aluminum tubing at 
least 6 to 8 feet long. 

stacking recommendations 

This particular design should stack 
very well. Beamwidth is approximately 
20 to 22 degrees in both the E and H 
planes. The sidelobes are low (17 to 18 
dB below the main beam). Therefore 
the maximum stacking distance (as 
calculated per reference 13) should be 
approximately 2.7 wavelengths (74 
inches) in the E plane and 2.6 


wavelengths (71 inches) in the H 
plane, but isn't that critical. 

For optimum stacking results the 
phasing lines should be made from 
low-loss coaxial cable’ 2 , be as short as 
possible, and be cut in odd multiples 
of quarter wavelength 14 . Recom¬ 
mended feeding configurations are 
described in reference 14. The esti¬ 
mated gain of four of these Yagis 
properly stacked is 24 to 24.5 dBi, or 
approximately equivalent to a 16-foot 
diameter parabolic dish. 

summary 

Long boomlength Yagi antennas are 
now a reality without compromising 
gain or sidelobe levels. Although bet- 
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MFJ 24 HOUR 
LCD CLOCKS 

Thu* MFJ 24 hour docks make 
your DXing, contesting, logging 
aM SKEDIng easier, more precise 
Rood both UTC md local time 
it i glinco with the MFJ-108, 

$19.95, dual clock that displays 
24 ahd 12 hour time simultaneously. 

Or choose the MFJ-107, $9.95 
single clock tor 24 hour UTC time. 

Botn are mounted In a brushed aluminum frame, 
feature huge easy-to-see 5/8 Inch LCD numerals 
and a sloped face that makes reading atross-the- 
shaCk easy and pleasant 




m 

MF1 12 24 HOUR DUAL LCD CLOCK 

moos i wrj ioe 

You can read hour, minute, second, month and 
day ahd operate them In an alternating time-date 
display mode You can also synchronize them to 
WWV for split-second timing. Both ate quartz 
controlled for excellent accuracy 


MFJ-107 ■■■■■■■ 

$ Q 95 m 

^ r jUP LCD CLOCK 


They are battery operated so you don't have to 
reset them after a power fatlure, ahd battery 
operation makes them suitable for mobile ahd 
portable use. Long life battery Included 
MFJ-108 Is 4'/«1x2 In MFJ-107 Is 2'/xx1x2 In. 


RTTY/ASCII/AMTOR/CW mfj-1229 i MFJ ANTENNA BRIDGE mfj-204b, ROLLER INDUCTOR TUNE.R 


* 9 




Everything you need Is Included for sending and 
receiving RTTY/ASCII/CW on a Commodore 64 
or VIC-20 and your ham rig. You get MFJ's most 
advanced computer Interface, software on tape 
and all cables. Just plug In and operate 
The MFJ-1229 Is i general purpose computer In¬ 
terface that will never be obsolete An Internal 
DIP switch, TTL and RS-232 ports lets you adapt 
the MFJ-1229 to nearly ahy home computer and 
even operate AMTOR with appropriate software 
A crosshair "scope" LED tuning array makes 
accurate tuning fast, easy and precise. 

You can transmit both narrow (170 Hz) and wide 
(850 Hz) shift while the variable shift tuning lets 
you copy ahy shift (100-1000 Hz) and ahy speed 
(5-100 wpm, 0-300 babd ASCII). 

Automatic threshold correction and sharp multi¬ 
pole active filters give good copy under severe 
QRM. weak signaT and selective fading 
There's an FM (limiting) mode for easy trouble 
-free tuning that's best for general use ahd an 
AM (non-llmltlng) mode that gives superior per¬ 
formance under weak signals ahd heavy QRM 
A handy Normal/Reverse Switch eliminates re- 
tunlng while checking for Inverted RTTY. 

An extra sharp 800 Hz C W filter really separates 
the signals tor excellent copy. 

12’/} x 12'/i x 6 Inches. Uses floating 18 VDC or 
110 VAC with MFJ-1312, $9.95. 

MFJ PORTABLE ANTENNA 

MFJ's Portable Antenna lets you operate 40.30, 
20,18.15.12.10 meters from apartments, motels, 
camp sites, vacation spots, shy electrically cleat 
location where space for full size ahtennaTs a* 
problem 

A telescoping whip (extents 54 in.) is mounted 
on self-standing 5’/z x 6 3 /< »2/«inch Phenolic 
case. Built-in ahtenna tunerlleld strenght meter 
50 feet coax. Complete mull-band portable an¬ 
tenna system that you cah Be neatly anywhere 
300 watts PEP 

MFJ-1621 


5 Now you can quckty optimize your 

antenna for peak performance with 
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this portable, totally self-contained 

antenna bridge that you cah take to 
your ahtenna'slte—no other equlp- 
r ment Is needed. 

You can determine If vour antenna Is 
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resonant frequency and antenna 
resistance to 500 ohms. It's the 
easiest and most convenient way to 
determine ahtenna performance avail 
able today to anyone There's nothing 
else like it ahd only MFJ has it. Built-In resistance 
bridge, null meter ahd tunable oscillator-driver 
(1.8-30 MHz). Uses 9 V battery 4 x 2 x 2 inches 

REMOTE ACTIVE ANTENNA 

The authoritative "World Radio TV Handbook" 
rates the MFJ-1024 as "a first-rate easy-to-oper- 
ate active antenna ... Quiet with excellent dy¬ 
namic range and good gain ... Very low noise fac¬ 
tor ... Broad frequency coverage ... the MFJ- 
1024 Is an excellent choice In ah active antenna” 
54 inch remote active antenna mounts outdoor 
atwfr from electrical noise tor maximum signal and 
minlimum noise pickup. Often outperforms long- 
wlrfhundreds of feet long Mount anywhere-atop 
holies, buildings, balconies, apartments, ships 
Ua with any radio to receive strong clear signals 
froi ah over the world. 50 KHz to 30 MHz. High 
dyrlmic range eliminates Intermodulation. Inside 
coraol unit ha5 20 dB attenuator, gatn control. 

^■■Switch 2 receivers and auxiliary or active 
ahtenna "On" LED 6 x 2 x 5 in 
50 ft coax 12 VDC or 110 VAC with 
>aaan MFJ-l31?. S9 95 
(.-•sari® MFJ-1024 


Meet thevoi ce T miei t F- , the abmpact roller 
Inductor tuner that lets you run up tu 3 KW PEP 
and match everthlng from 1 8 to 30 MHz 
Designed to match the new cmallar rigs, the 
MFJ-989 Is the best roller Inductor tuner pro¬ 
duced by MFJ Our roller Inductor tuner features 
a 3-dlglt turn counter plus a spinner knob for pre¬ 
cise inductance control for maximum SWR reduc¬ 
tion. Just take a look at all these other great fea¬ 
tures! Built-In 300 watt, 50 ohm dummy load, 
built-in 4:1 balun and a built-in lighted meter that 
reafis SWR and forward ahd reflected power In 2 
rahges (200 ahd 2000 watts). Accuracy+10% full 
scale Meter light requires 12 VDC 6 position an¬ 
tenna switch. 10y» x 4Vi x 15 Inches 

MFJ “DRY” DUMMY LOADS 


MFJ-262 

$64.95 


MFJ-260 

$26.95 


ppp 1 » * r $129.95 

200 WATT VERSA TUNER 
.. M FJ-901B $59.95 

MFJ t»mallei! 

200 watt 
Versa Tuner 

matches coax, 
random wires 
and balanced 
lines from 1.8 thru 30 MHz Works with all solid 
state and tube rigs Very popular for use between 
transceiver and final amplifier Efficient air-wound 
inductor gives more watts out 4.1 balun. 5x2x6 In. 


MFJ's "Dry" dummy loads are air cooled—no 
messy oil. Just right for tests ahd fast tune up Non- 
Inductive 50 ohm resistor in aluminum housing 
with SO-239. Full load to 30 seconds, de-rating 
curve to 5 minutes. MFJ-260 (300 watt), SWR 1.1:1 
to 30 MHz. 1.5 1.30-160 MHz. 2V»2'/tx7 In. MFJ- 
262 (1 KW), SWR 1.5:1 to 30 MHz, 3x3x13 Inches. 

MFJ ELECTRONIC KEYER 


MFJ-407 

$69.95 


'• ?• - • - • 


MFJ-407 Daiuxa Electronic Keyer sends lambic, 
automatic, semi-auto or manual Use squeeze, 
single lever or straight key. Plus/mlnus keying. 8 
to 50 WPM Speed, weight, tone, volume controls 
On/Ofl. Tune, Seml-auto switches. Speaker RF 
proof. 7x2x 6 Inches. Uses 9 V battery, 6-9 VDC 
or 110 VAC with AC adapter. MFJ-1305. $9 95 


ORDER ANY PROOUCT FROM MFJ ANO TRY IT-NO 
OBLIGATION. IF NOT SATISFIED, RETURN WITH¬ 
IN 30 DAYS FOR PROMPT REFUND (leu shipping) 

• One year unconditional guarantee • Made In USA 

• Add $5 00 each shipping/handling • Call or write 
for tree catafog, over 100 products 



MFJ ENTERPRISES. INC 

Box 494, Mississippi State. MS 39762 


TO ORDER OR FOR YOUR NEAREST 
DEALER, CALL TOLL-FREE lgl 

800-647-1800 " 

Cafl 601-323-5869 in Miss ahd outside 
continental USA Telex 53-4590 MFJ STKV 













(part of fig. 3) 


Element 

Length in 
inches (Note 1) 

Spacing in inches 
(Notes 1 Et 2) 

Reflector 

13 858 

0 000 

Driven Element 

13.500 

5.000 

Director 1 

12.795 

6.913 

Director 2 

12.362 

11 830 

Director 3 

12.126 

17.732 

Director 4 

12.008 

24.617 

Director 5 

11.890 

32 294 

Director 6 

11.654 

40.573 

Director 7 

11.535 

49 234 

Director 8 

11.496 

58.277 

Director 9 

11.378 

67.731 

Director 10 

11 260 

77 567 

Director 11 

11.221 

87.812 

Director 12 

11.221 

98 249 

Director 13 

11.181 

108.877 

Director 14 

11.102 

119.697 

Director 15 

11 063 

130 707 

Director 16 

11 023 

141.718 

Director 17 

11 023 

152.729 

Director 18 

10.984 

163.739 

Director 19 

10.906 

174.750 

Director 20 

10.748 

185.761 

Director 21 

10.630 

196.771 

Director 22 

10 630 

207 782 

Director 23 

10 630 

218.793 

Director 24 

10.551 

229.803 

Director 25 

10 551 

240.814 

Director 26 

10.551 

251.825 

Director 27 

10.472 

262.835 

Director 28 

10.472 

273.846 

Director 29 

10.472 

284.857 


Note 1 All lengths are given in inches to 0.001 inch. For best performance, tolerances 
should be kept to ±0 04 inches maximum, with ±0.02 inches preferred. 

Note 2: All spacings are referenced from the reflector to prevent tolerance buildup. 
It is suggested that you first mark off the reflector position about 1.0 inches from the 
rear of the boom Then measure all the spacings from this reference point as shown 
in the table 


MOSLEY...A Better Antenna... 

For New and Old 

•EASY ASSEMBLY *? YEAR WARRANTY 


•NO MEASURING 'LOW SWR 

•ALL STAINLESS HARDWARE '8UILT TO LAST 





For the ham that wants to start right at the top. 
the PRO 57 is the antenna that will give you king 
ol the hill performance II Is the broadest banded, 
highest power, best performing Multi-Bander in 
our line PRO 57 (10, 12.15.18 20) also availa¬ 
ble PR0-67 (10. 12. 15. 18. 20 4 40) 

Compare ours Detore buying any other antenna 
Ail stainless standard all heavy telescoping 
aluminum elements which means belter Quality 
and no measurement Ease ol assembly gives 
you a quality antenna with consistent perfor¬ 
mance Our elements are pre-drilled so you win 
gel the same performance as we do All ol our 
Tri-Banders come with a 2 year warranty 
If you are a new ham and are not familiar with 
MOSLEY ask an older ham about us or call the 
PRESIDENT Ol MOSLEY He will be glad to e« 
plain why MOSLEY is A BETTER ANTENNA 

These and other MOSLEY products are available 
through your favorite DEALER Or write or call 
MOSLEY lor the DEALER nearest you 



’S44 BAUR BLVO ST LOUIS MISSOURI 6313? 

1-314-994-7872 1-800-325-4018 


ter designs may be forthcoming, they 
won't significantly increase the gain or 
decrease the sidelobe levels of this 
design if the boomlength is kept the 
same. 

Properly designed and constructed 
Yagi antennas offer very high gain 
without the windload of a parabolic 
dish offering comparable gain. In fact, 
backyard 70-cm EME operation with 
four of these Yagis is now possible 
without arousing your neighbor's sus¬ 
picion! 

The antenna described in this 
month's column is a real performer. 
Easily duplicated by any interested 
Amateur, its cost is moderate, espe- 

^ <60 


daily if local Amateurs join together to 
buy the materials in quantity. Just 
think of the satisfaction you'll have in 
building your own high gain antenna 
system! 
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of a given Yagi design using computer 
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new records 

At the end of last month's column I al¬ 
luded to a new23-cm (1296 MHz) DX 
record. Since then I have been able to 
verify that a new record was indeed es¬ 
tablished on August 13, 1986, when 
WB6NMT, in San Diego, had a two- 
way SSB QSO with KH6HME, who 
was operating from the side of Mau 
na Loa on the island of Hawaii. This 
extends the 23-cm DX record world¬ 
wide to 2528 miles. Congratulations to 
Louis and Paul. 
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Important VHF/UHF Events: 

December 2 EME perigee 

December 13 Predicted peak of the 

Geminids meteor shower, 
1250 UTC 

December 21 Winter peak of sporadic E 
(t 1 month) propagation 

December 22 Predicted peak of the 

Ursids meteor shower, 

0400 UTC 

December 30 EME perigee 

January 3 Predicted peak of the 

Quadrantids meteor 
shower. 1830 UTC 

January 10/12 ARRL VHF Sweepstakes 
Contest 

January 28 EME perigee 

ham radio 



Measure Up With Coaxial Dynamics 

...Model 83500 
Digital Wattmeter 


The “Generation Gap" is filled with the 
"new" EXPEDITOR, the microprocessor 
based R.F. AnaDigit System 
The EXPEDITOR power computer you 
make the demands, it fills the 
requirements. 

• Programmable forward AND 
reflected power ranges. 

• Can be used with the elements 
you now have. 

• Compatible with all Coaxial 
Dynamics line sizes and power 
ranges. 

• 18 scales trom lOOmW to 50kW 


Model 83000A RF Peak 


• • • 

Reading Wattmeter 

Take a PEAK with Coaxial Dynamics "NEW' 
Model B3000A. designed to measure both 
FWD/RFL power in CW and FM systems 
simply and quickly Then with a "FLIP" of a 
switch, measure "PEAK POWER" in most 
AM, SSB, or pulse systems. Our Model 
83000A features a complete selection o( 
plug-in-elements plus our two year warranty 
This makes the Model 83000A an 
investment worth looking at. So go ahead, 
take a ‘PEAK", you'll like "WATT" 
you see! 

Contact us for your nearest authorized 
Coaxial Dynamics representative or dis- 
tribulor In our world-wide sales network 


COAXIAL 

DYNAMICS 

INC. 


15210 Industrial Parkway • Cleveland. Ohio 44135 

216-267-2233 • 1-800-COAXIAL Telex: 98-0630 

Representative Joe Swanson, S & O Sales Corp 

3744 Tanager Dr. • Cedar Rapids, IA 52402 • (319) 393-1845 • TWX 

Service and Dependability... a Part of Every Product 



ENCODERS 

THAT LIGHT 


I-? 15“- 

PP-S-V PP-5VK 
CALL OR 
WRITE FOR 
FREE CATALOG 
A INFORMATION 


GUIDE 


159 




COMSHREK 64 


aa female! 


NO FILTERS! 
NO FRLSING! 


SIMPLEXORDUPLEX 
SHRCK CONTROL 


_ JRUTOPRTCH « H.F. REtlOTE * REPERTER COHTROLl 

T ?57 I C735 TS440/940 


* C64 CONTROLS VOUR I±fcfafrMiMmKM Wt UTUL HI U I TH VOUR H T 
"-CHOOSE EITHER SIMPLEX OR FULL DUPLEX CONTROL MODES! 

*ALL CONTROL FUNCTI ONS RRE ACKNO WLEDGED WITH R CLEAR OSS 
UOICE ! * lIMNdlriBiTill SET TI ME FROM VOUR H. T. 

ALL USER PARAMETERS SAUED FOR FAST START-UP! 


TONE OR PULSE,CALL WAITING, 
ANSWER SECOND INCOMING CALL,LAST NUMBER MEMORV, 
UOICEPAGE ON INCOMING CALL *AUTODIAL* REDIAL 


9 MEMORV FREQUENCIES.SCAN 
UP,DOWN,FAST,SLOW * ENTER OR RECALL ANV FREQ. 
FROM MEMORV * CHANGE MODES USB/LSB/FM/AM 
CONTROL 8 RELAVS (CS8 OPTION) ON/OFF WITH UOICE 
CONFIRMATION * NEW 100 HZ SINGLE STEP TUNE MODE! 


I llllJl I M||l|l| | <1 UHF OR UHF TRANSCEIVER) 
MENU SETS UP ALL TIMING WINDOWS,TIME BETWEEN 
WINDOWS,TIME RS,ACCESS CODES,CALL SIGN * LISTENS 
FOR CLEAR FREQ. BEFORE TRANSMITTING 


NEW 100 HZ / STEP 
SCAN MODE! 


DUPLEX HOPE & REPEATER COHTROLl 


•SSI 201 DTMF RECEIUER KIT 
•RECEtUE ALL 16 DTMF DIGITS 
•NO ADDITIONAL FILTERING 
•OUTPUT BCD OR HEX FORMAT 
•LOW POWER DRAIN ( 29MA / 12U ) 
KIT INCLUDES 3.58 MHZ XTAL 
22 PIN 1C SOCKET, RESISTOR XAPACITORS^RTASHEET 
SCHEMATICS ,EASV TO BUILD tTQTjTnQQXXEBS 


4 DIGIT SEQUENCE DECODER (ONXOFF)l 




REPEATER * H.F. REMOTE • AUTOPATCH 


ALL RBOUE FEATURES PLUS REPEATER 
CONTROLLER, WI TH, HANG T I ME, COURTESV BEEP, 
REPEATER Ofl/OFF ACCESS CODES, AUTOMAT IC 
UOICE ID,ALL TIMERS SET FROM START-UP 
MENU * VA£SU 2700 UHF/UHF MAKES INSTANT 
CROSSBAND REPEATER.NO DUPLEXER REOUI RED 
DUPLEX OR SIMPLE X CONTROL I PL (JS ? OO 's/h') 

USA & CANADA 


INC .SOFTWARE DISK-HARDWARE - CABLES-MANUAL 


OPTIONAL CMOS AUTOLOAD CARTRIDGE 
FOR HILLTOP USE : MODEL CS64R/CART . $ 99.95 


USB/LSB KIT FOR FT757 MODEL CSR64 $29.95 


CS-8 LHTCH CONTROL OPTION 


•WIRED AND TESTED;5 TO 12U. 

•USER PROGRAMABLE 50,000 
COMBINATIONS ANV 16 DTMF 
TONES*SEND CODE ONCE TO 

TURN ON, AGAIN TO TURN OFF** TURNS up T0 EIGHT DEVICES ON AND OFF 
MOMENTAAV AND LATCHING I with UOICE CONFIRMATION WHEN IN THE H.F 

REMOTE MODE * 3 DPDT 2 AMP RELAVS INCLUDED 
8, 5 MORE OPEN COLLECTOR 100MA. OU T PUTS * 
PLUGS INTO JOVSTICK III |:::| I USE 
PORT* INC 24 PIN CONN IT""” W WITH 


MOMENTARV AND LATCHING 
J OPEN COLLECTOR TRANS ISTOR 
OUTPUTS*CUSTOM 1C ASSURES HIGH RELIABILITV 
LED DECODE INDICATOR * INSTRUCTIONS & SCHEMATIC 
USE AS REPEATER ON/OFF 



MODEL TSD *5Q 95 l=J«l=fc«»!*■>£■ JKMiWifc lXLffij 1 jfeffljl 

I MODEL CS-8 S7Q Q5 lUm 

I TUJO METER REMOTE CQNTROLl 


USE VOUR COMPUTER TO DECODE DTMF TOUCHTONES 
* RECEIVE ALL 16 DIGITS AS FAST AS THEV CAN 
BE TRANSMITTED * EASILV PROGRAM VOUR COMPUTER 
IN BASIC TO DECODE MULTIDIGIT "STRINGS",DISPLAV 
DIGITS, SOUND ALARMS, OBSERVE SECRET CODES * 
SIMPLE TO INSTALL;HOOK 12 UDC, AUDIO & TWO WIRES 
TO VOUR COMPUTER — ENTER A SIMPLE BAS IC PROGRAM 
(PROVIDED) AND BEG I N TO DECODE * INCLUDES D ATA LED 
WIRED AND TESTED— IRtllildMljiligMiliMiKil 


[MODEL DAP S 89 95 
ms COM l^02RT USER' S^|HUD I 0 Jl 


MODULE INSTALLS I NS IDE THE RADIO IN 10 MIN. 
BOOST AUDIO TO NEARLV ONE WATT!*LOW POWER 
DRA IN < 4MA. STAND-BV ) * COMPLETE INSTALLAT I ON 
INSTRUCTIONS INCLUDED * CORRECTS THE LOW 
AUDIO PROBLEM * 1000'S OF SATISFIED 
CUSTOMERS!FOR IC02AT/IC04AT/IC2RT 


r REMOTE-H-PHD 


ROW- 33jj[| 

MAXIMUM FUNCTION CONTROL! “W-COLUMN 

KEVPAD CONTROL PLUS 2 FOUR DIGIT SEQUENCE 
DECODERS (TSD)* USE THIS BOARD TO CONTROL 
ANV 16 DIGIT KEVPAD AEMOTELV WITH DTMF* 
SIMPLV HOOK 4 ROWS & 4 COLUMNS FROM VOUR 
KEVPAD VOU WISH TO CONTROL TO THE RAP- 1 * 
* UNLEASH THE POWER OF VOUR RIG'S 
MICROCOMPUTER * SCAN, ENTER FREOUENC I ES 
TURN VOUR LINKS ON & OFF. CONTROL 
■ ■ II |p KENWOOD 2500/7950 & MORE, 
| ADD 2MTR REMOTE TO CS64 



jj MODEL RRP-1 % 14Q 95|l 
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rewinding transformers 

with CAD 


Let your computer 
design your next 
power transformer 

Ever have a project that made you feel frustrated, 
yet pleased? Aggravated, but delighted? Unless you've 
had plenty of experience, all of these emotions will 
arise the first time you try to rewind a transformer. 

Rewinding a transformer by hand is practical if the 
transformer's output voltages are below 300 to 400 
volts. Winding for voltages below 50 is safe and more 
suitable than winding for voltages above 500, which 
creates a series of circumstances not addressed by this 
article. High-voltage transformers should be wound 
only by those with previous experience. 

Although rewinding transformers presents an in¬ 
teresting challenge, books and magazines rarely offer 
sufficient information on the subject. The computer 
program included here (fig. 1), however, should help. 

selecting core material 

Before any winding project can begin, core materi¬ 
al must be selected. This can be a problem, since new 
core material is usually not available in quantities of 
less than 85 pounds.* One pound or less is usually 
sufficient for most homebrewed transformer projects. 

Core material is rated according to type, thickness, 
tongue width, and the number of flux lines it will sup¬ 
port. Soft iron (usually silicon steel) is most commonly 
used for power transformers because of its lower mag¬ 
netic retentivity. ("Lower retentivity" means that the 
material retains very little magnetizing orientation af¬ 
ter the magnetizing force — i.e., the primary input 
power — is removed.) 

The number of magnetic flux lines per unit area 
represents the magnetizing force. Flux ratings are typi- 


*Ram Sales, 14823 Aetna, Van Nuys, California 91411, sells 29-M6 silicon 
steel lamination material in one-pound increments. Tongue widths available: 
3/8, 1/2, 5/8, 3/4, 7/8, 1, and 1-3/4 inches. Prices range from $1.50 to $3.60 
per pound. 


cally given in kilogauss (BM) per square centimeter. 
(If given in inches, the rating would be in kilolines per 
square inch.) The flux density of silicon steel typically 
ranges from 12,000 to 20,000 lines per square centi¬ 
meter. A flux density rating for a used core from a 
power transformer could safely be placed at about 
15,000 kilogauss for calculations. 

Core material should be thin to keep eddy currents 
to a minimum. Eddy currents are currents induced into 
the metal core material, causing a residual leakage cur¬ 
rent to flow in the primary winding. A changing mag¬ 
netic field around the core material, which is a 
conductor, will induce a voltage into the core, caus¬ 
ing a current to flow if there is a closed circuit path. 
Making the material thinner and insulating its surface 
increases the resistance to eddy current flow. The use 
of E and I cut material takes advantage of the hicfher 
resistance path in addition to making it easier to in¬ 
stall the laminations into the finished coil. Transform¬ 
er efficiency is increased by reducing the power lost 
to eddy-current core heating. Power lost in the core 
is power drawn from the source but not delivered to 
the load. 

Core material is usually measured along the tongue, 
or center leg or element of an "E." Tongue widths vary 
from about 1/8 to 4 inches. 

The application and amount of transformer power 
dictate the core size to use. Data specific to a 
manufacturer's core material must be obtained from 
the appropriate data sheet. Table 1 shows a compar¬ 
ison of typical core data as a function of tongue width. 
The data listed represents M6 silicon steel lamination 
0.014-inch thick in an interleaved square stack. The 
volt-ampere (VA) rating indicates the amount of power 
the core can handle in a square stack. (In a square 
stack, core height is equal to tongue width.) Core area 
(AC) in the table is the numerical square of the tongue 
width. The remaining values of core loss (CL), cop¬ 
per regulation (CR), and copper loss (RC) were de¬ 
veloped in parallel with the VA and tongue width 
values to support the computer program calculations. 

By Hugh Wells, W6WTU, 1411 18th Street, 
Manhattan Beach, California 90266 
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fig. 1. Power transformer design program. 

(For enlarged copy of program, send SASE to 
ham radio, Greenville, IMH 03048.) 

JO REM POWER TRANSFORMER DESIGN DATA 
20 REM DEVELOPED BY HUGH WELLS DEC 1985 
30 BM-14.4:R£M FLUX DENSITY IN KILOGAUSS 
40 REM 
50 GOTO 720 
60 REM WIRE TABLE 

70 IF CMo8 THEN VS-4 l sTI-250:SF-0.85:RETURN 
80 IF CH<«10 THEN VS-40:TI«239:SF-0.86:RETURN 
90 IF CM<-12 THEN VS-39:TI-215:SF-0.86:RETURN 
100 IF CMC-16 THEN WS-38:TI-193:SF-0.87:RETURN 
HO IF CM<-20 THEN WS-37:T1-170:SF-0.87jRETURN 
120 IF CM<-25 THEN WS-36:T1*155:SF-0,87:RETURN 
130 IF CM<-31 THEN VS-35:TI-140:SF-0.88:R£TURN 
140 IF CM<-40 THEN WS-34:TU1 24:SF«0.88: RETURN 
150 IF CMO50 THEN WS-33:T1-110:SF-0.88:RETURN 
160 IF CMC-64 THEN WS-32:TI-98:SF-0.88:RETURN 
170 IF CFK-80 THEN WS-3 ls TI-88:SF-0.88:RETURN 
l80 IF CM<-100 THEN WS-30;TJ-80:SF-0.89.-RETURN 
190 IF CM<-128 THEN WS-29:Tl-71:SF-0.89:RETURN 
200 IF CM<-160 THEN WS-28:TI-64:SF-0.89:RETURN 
210 IF CM<-202 THEN WS-27:TI-57:SF-O.89:RETURN 
220 IF CM<-253 THEN WS-26:TI-52:SF-0.89:RETURN 
230 IF CM<-320 THEN WS-25:TI-47:SF-0.9:RETURN 
240 IF CM<-404 THEN WS-24:TI-42:SF-0.9:RETURN 
250 IF CM<-5i1 THEN WS-23:TI-37:SF-0.9:RETURN 
260 IF CM<-640 THEN WS-22:TI-33:SF-0.9:RETURN 
270 IF CMOS 1 2 THEN WS-2 1 : TI-30, SF-0.9 : RETURN 
280 IF CMC-1020 THEN WS-20:TI-2{:SF-0.9:RETURN 
290 IF CM<-1290 THEN WS-J9:TI-23:SF-0.9:RETURN 
300 IF CM<-1620 THEN VS-18:TI-21sSF-0.9:RETURN 
310 IF CM<-2030 THEN WS-17:TI-19:SF-O.9:RETURN 
320 IF CM<-2580 THEN WS-16:TI-17:SF-O.9:RETURN 
330 IF CM<-3260 THEN WS-15:TI-15:SF-0.9:RETURN 
340 IF CMC-4110 THEN WS- 14;TI-13:SF-0.9:RETURN 
350 IF CM<-5178 THEN WS-13:TI-12:SF-0.9:RETURN 
360 IF CM<-6530 THEN WS-12:TI-10:SF-0.9:RETURN 
370 IF CM<-8234 THEN WS-11:TI-9:SF-0.9:RETURN 
380 IF CM<-10380 THEN WS-10:TI-8:SF-0.9:RETURN 
390 IF CM<-13100 THEN WS-9:TI-7:SF-0.9:RETURN 
400 IF CM>13!00 THEN VS-0:RETURN 
410 REM CORE RATINGS 

420 IF A<-0.02 THEN AC-0.016:VA-0.02:AW-O.03:CL-0.01:CR-98:RC-220:RETURN 

430 IF A<-0.04 THEN AC-0.035: VA-0.08:AW-0.05:CL-0.02:CR-97:fcC-129.-RETURN 

440 IF A<-0.07 THEN AC-0.063:VA-0.2:AW-0.12:CL-0.05:CR-96:RC-60:RETURN 

450 IF A<-0.15 THEN AC-0.141:VA-0.9:AW-0.17iCL-0.2:CR-95:RC-50:RETURN 

460 IF A<-0.27 THEN AC-0.25;VA-3:AW-0.19:CL-0.3:CR-75:RC-44:RETURN 

470 IF A<-0.33 THEN AC-0,32:VA-4.5:AW-O.24:CL-0,4:CR-62:RC-39:RETURN 

480 IF A<-0.4 THEN AC-0.39:VA-7:AW-0.29:CL-0.6:CR-52:RC-35:RETURN 

490 IF A<-0.5 THEN AC-0.47:VA-10:AW-0.35:CL-0.8:CR-44jRC-32:RETURN 

500 IF AO0.6 THEN AC-0.56: VA-14 : AW-0.42: CL-1: CR-30: RC-26: RETURN 

510 IP A<-0.8 THEN AC-0.77:VA-25:AW-0.57:CL-1.6:CR-20:RC-22:RETURN 

520 IF AC-l.l THEN AC-1:VA-40:AW-0.75:CL-2.3:CR-15:RC-19.8:RETURN 

530 IF A<-1.3 THEN AC-1.27:VA-60:AW-0.95:CL-3.4:CR-11.S:RC-15.7:RETURN 

540 IP A<>1.6 THEN AC-1.56:VA-100:AW-1.17:CL-4.7:CR-10:RC-14.2:RETURN 

550 IF A<-2 THEN AC-1. 89: VA-150:AW-1.42:CL-6.8:CR-6.5:RC-11:RETURN 

560 IP A<-2.3 THEN AC-2.25:VA-200:AW-1.69:CL-8.1:CR-6:RC-10:RETURN 

570 IF A<-3.1 THEN AC-3.06:VA-350:AW-2.3:CL-15.9;CR-5:RC-9.5:RETURN 

580 IF A<-4.6 THEN AC-4.5:Va-700;AW-3.87:CL-23.1:CR-3.5:RC-6.4:RETURN 

590 IP AC-5.1 THEN AC-5.06:VA-1000:AW-4.4:CL-27.6:CR-3:RC-5.7:RETURN 

600 IF AC-6.3 THEN AC-6.25:VA-1500:AW-4.69:CL-37.2:CR-2.6:RC-5.1:RETURN 

610 IF A>7 THEN PRINT "CORE IS TOO LARGE FOR THIS PROGRAM":END 

620 REM CALCULATE WINDOW/LAYER DATA 

630 HA-SQR(AW/3.5):REN CALC WINDOW HEIGHT 

640 WB-3.5 # HA:REM CALC WINDOW WIDTH 

650 HA -1 NT(HA*1000+0.5)/1000 

660 WB-INT(WB*1000+0.5)/1000 

670 TL-WB»TI*SFiREM CALC # TURNS PER LAYER 

680 TL-INT(TL-0.5) 

690 LA-NN/TL:REM CALC I LAYERS 
700 LA-INT(LA*10)/10 
710 RETURN 

720 PRINT CHR$(125):REM CLEAR SCREEN/HOME 

730 PRINT :PRINT :PRINT ” POWER TRANSFORMER DESIGN DATA" 

740 PRINT SPRINT "ENTER THE VALUES AS REQUESTED- — " 

750 PRINT :PR I NT "CORE TONGUE DIMENSIONS IN INCHES —" 

760 PRINT " TONGUE WIDTH ";:INPUT W 

770 PRINT " HEIGHT ";:INPUT H 

780 PRINT SPRINT "ENTER PRIMARY VOLTAGE INPUT EP 

790 PRINT SPRINT "ASSUMING A SINGLE SECONDARY WINDING," 

800 PRINT "ENTER THE DESIRED OUTPUT VOLTAGE";:INPUT ES 

805 IF ES>300 THEN PRINT SPRINT "CAUTION: HIGH VOLTAGE IS DANGEROUS":PR I NT 
"FOR HOME TRANSFORMER WINDING.” 

810 PRINT :PRINT "ENTER SERVICE RATING t — " 

820 PRINT " 1 - INTERMITTANT DUTY (75C RISE)." 

830 PRINT ” 2 - COMMERCIAL DUTY (50C RISE)." 

840 PRINT " 3 - MILITARY DUTY (25C RISE)." 

850 PRINT :PRINT "ENTER # ";:INPUT SE 

860 IF SE-1 TJ1EN PR-300 

870 IF SE-2 THEN PR-500 

880 IF SE-3 THEN PR-1000 

890 IF SE<1 OR SE>3 THEN 810 

900 A«H»VsGOSUB 410 

910 REM PERFORM CALCULATIONS 

920 NP.(3.49*1000«EP)/(60*AC*0.9*BM);REM CALC PRIMARY TURNS 

930 LB-VA/30:LB-INT<LB»100)/100:REM CALCULATES APPROX CORE WEICHT 

940 CP-{4«RC*(NPA2)*(IPA2)):REM CALCULATES COPPER LOSS 

950 EF-{VA*100)/(VA+CL+CP):EF-INT(EF*100)/100:REM CALC EFFICIENCY 

960 IP-(VA)/((EF/100)*EP):REM CAL PRIMARY CURRENT 

970 CN-PR*IP:GOSUB 60:REM CAL WIRE SIZE 

980 NS-NP*(ES/EP)*((CR/100)+i):REM CAL SEC TURNS 

990 NP-INT(NP*10)/10:NS-INT(NS*10)/10 

1000 IP-INT(IP*1000)/1000 

1010 TV-NP/EP:TV-INT<TV*10)/J0:REM CAL TURNS PER VOLT 
1020 1S-VA/ES;JS-INT(IS* 1000)/l000:REM CAL SEC CURRENT 
1030 NN-NP 
1040 COSUB 620 

1050 PRINT CHR$(125):REM CLEAR SCREEN/HOME 
1060 PRINT :PRINT "POWER TRANSFORMER DESIGN DATA” 

1070 PRINT :PRINT "RATING IS 

1080 IF SE-1 THEN PRINT "INTERMITTANT DUTY (75C RISE)" 

1090 IF SE-2 THEN PRINT "COMMERCIAL DUTY (50C RISE)" 

1100 tF SE-3 THEN PRINT "MILITARY DUTY (25C RISE)" 

1110 PRINT :PRINT "PRIMARY VOLTAGE - "}EP:" VOLTS." 

1120 PRINT "PRIMARY CURRENT - "{IP;” AMPS." 

1130 PRINT "# PRIMARY TURNS - ";NP 

1140 PRINT "PRI TURNS PER VOLT- "jTV;" : 1" 

1150 PRINT "PRIMARY WIRE SIZE - #";WS 

1160 PRINT LA; W LAYERS OF ”;TL;" TURNS/LAYER . " 

1170 PRINT :PH-LA/TI:REM CALCULATES HEIGHT OF PRIMARY 
1180 PRINT "SECONDARY VOLTAGE - ”;ES:" VOLTS." 

1190 PRINT "MAX SEC CURRENT - ";IS:" AMPS." 

1200 PRINT ”# SECONDARY TURNS - ";NS 
1210 NN-NS 

1220 CM-PR«(VA/ES):REM CALC SF.CONDARY WIRE SIZE 
1230 GOSUD 60:REM CALC SECONDARY WIRE SIZE 
1240 GOSUB 620:REM CALCULATE TURNS/LAYER 
1250 PRINT "SECONDARY WIRE SIZE - #";WS 
1260 PRINT LA;" LAYERS OF ";TL;" TURNS/LAYER.” 

127 0 SH-LA/TI:REM CALCULATES HEIGHT OF SECONDARY 


1280 TH-PH+SH:REM CALCULATES TOTAL HEIGHT OF WINDING 

1290 IF TH>-(HA*0.8) THEN PRINT :PRINT "WARNING: WINDOW HEIGHT EXCEEDED—" 
1300 REM TH-TOTAL HEIGHT - 20Z OF SPACE ALLOWED FOR INSULATION 
1310 PRINT :PRINT "ENTER 1 TO CONTINUE RATINGS";:INPUT Z 
1 320 PRINT CHR$(125):REM CLEAR SCREEN/HOME 
1330 PRINT :PRINT "GENERAL TRANSFORMER RATINGS" 

1340 PRINT :PRINT "APPROX POWER RATING - “;VA;" VA." 

1350 PRINT "EFFICIENCY - ";E 

1360 PRINT "COPPER REGULATION - 

1370 PRINT "APPROX CORE LOSS - ";CL;" WATTS." 

1380 PRINT "APPROX CORE WEIGHT - ";LB;" LBS." 

1390 PRINT "ASSUMED FLUX DENSITY- ";BM;" KILOGAUSS" 

1400 PRINT "SOURCE FREQUENCY - 60 HERTZ." 

1410 PRINT "ASSUMED CORE WINDOW RATIO - 3.5:1" 

1420 PRINT "WINDOW AREA - ";AW;" SQ INCHES." 

1430 PRINT "WINDOW WIDTH - ";WB;” INCHES." 

1440 PRINT "WINDOW HEIGHT - ";HA;" INCHES." 

1450 PRINT SPRINT "DO ANOTHER? 1-Y 2-N M ;:INPUT Z 
1460 IK Z<>2 THEN RUN 
1470 END 


The window area (i.e., space allowed for the coil) 
of a core, another important measurement, usually fol¬ 
lows the tongue width in size. Although window width 
and height may vary from one manufacturer to anoth¬ 
er, window area appears to remain fairly uniform for 
a given core size. 

The program assumes the typical width-to-height 
ratio of 3.5:1. For instance, if the winding width is 
0.875 inch and the window area is 0.219 square inches, 
the window height will be 0.25 inch. The number of 
turns-per-layer and the number of layers is determined 
from the window width and area. For example, the 
number of turns-per-layer is found by multiplying win¬ 
dow width by the number of turns-per-inch and by the 
winding space factor. Then the number of layers is 
found by dividing the total number of turns-per- 
winding by the number of turns-per-layer. Ultimate¬ 
ly, the number of turns of wire that can be wound onto 
the core will be determined by wasted space, wire 
bulging, and insulation thickness. This may sound like 
a lot, but one must keep in mind that only so much 
window area is available to accommodate the wire. 

salvaging a used core 

Though it's possible to start from scratch and build 
your own transformer, it's more fun to tear down an 
old transformer and rewind the old core. Recovering 
an old core, however, can be tricky. Perhaps the 
slowest, most time-consuming chore is cleaning out 
the old potting compound. Most transformers have 
been vacuum-impregnated with material that affords 
protection from moisture and keeps laminations from 
"singing" by gluing them together. If it's one of the 
tougher materials such as Flysol or one of the new ure¬ 
thanes, it's not easily removed by anything short of 
a jackhammer. Such transformers are best set aside 
— perhaps for use as door stops. 

Transformers potted in wax are the easiest to sal¬ 
vage. Wax and some varnishes can be removed by 
soaking the transformer in paint or varnish remover, 
and/or a suitable solvent. It's necessary to soften the 
potting compound sufficiently to allow the laminations 
to be removed; vacuum impregnation is very efficient 
and lengthy soaking may be required before the lami¬ 
nations will be ready to slide apart, even with the ad- 
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Table 1. Core table for silicon steel. 

Tongue Sq stack Volt-ampere 

Width Core area Rating 

(Inches) (AC) (VA) 

Sq inch 
Window area 
(AW) 

Core Loss 
(CL) 

Copper 

Regulation 

(CR) 

Copper Loss 
Factor 

(RC) 

0.126 

0.016 

0.02 

0.03 

0.01 

98 

220 

0.187 

0.035 

0.08 

0.05 

0.02 

97 

129 

0.25 

0.063 

0.2 

0.12 

0.05 

96 

60 

0.375 

0.141 

0.9 

0.17 

0.2 

95 

50 

0.5 

0.25 

3.0 

0.19 

0.3 

75 

44 

0.566 

0.32 

4.5 

0.24 

0.4 

62 

39 

0.625 

0.39 

7.0 

0.29 

0.6 

52 

35 

0.686 

0.47 

10.0 

0.35 

0.8 

44 

32 

0.75 

0.56 

14.0 

0.42 

1.0 

30 

26 

0.875 

0.77 

25.0 

0.57 

1.6 

20 

22 

1.0 

1.0 

40.0 

0.75 

2.3 

15 

19.8 

1.125 

1.27 

60.0 

0.95 

3.4 

11.5 

15.7 

1.25 

1.56 

100.0 

1.17 

4.7 

10 

14.2 

1.375 

1.89 

150.0 

1.42 

6.8 

6.5 

11 

1.5 

2.25 

200.0 

1.69 

8.1 

6.0 

10 

1.75 

3.06 

350.0 

2.3 

15.9 

5.0 

9.5 

2.125 

4.5 

700.0 

3.87 

23.1 

3.5 

6.4 

2.25 

5.06 

1000.0 

4.4 

27.6 

3.0 

5.7 

2.5 

6.25 

1500.0 

4.69 

37.2 

2.6 

5.1 


ded encouragement of a hammer. Work outdoors — 
and have patience. It takes time and plenty of elbow 
grease to remove the debris. 

If none of the windings are to be retained, you can 
partially remove some of the wire by cutting through 
the coil with a hacksaw before soaking. If you do this, 
be sure to protect the core from mechanical damage. 
Be careful, too, with the paper tube or winding bob¬ 
bin; it will be used again in rewinding the core. 

When salvaging the core, it's usually best to remove 
all of the wire. However, there are circumstances in 
which you might want to retain one or more of the 
windings. In these cases, the salvage operation is more 
difficult because the transformer can't be soaked in 
paint remover or solvent. If some of the windings are 
to be saved, the tedious chore of removing the lami¬ 
nations without damaging the wire becomes 
necessary. 

In this procedure, a wood splinter is usually driven 
between the paper core form and the core to prevent 
coil vibration. Remove the splinter to free up space 
to work in, then separate and remove the outer lami¬ 
nations from the others with a thin knife to provide 
additional room. If the outer laminations are damaged 
during removal, correct or remove small dents in the 
metal by tapping lightly with a hammer against a flat 
surface. (Because silicon steel is almost as soft as most 
modern automobile fenders, it's sometimes referred 
to as "fender iron," and the process affectionately ti¬ 
tled "body and fender work.") The loss of one or two 


laminations won't affect the operation of the rewound 
transformer significantly; any significant loss, howev 
er, will reduce the power rating (VA) of the core. You 
can compensate for this by determining the remain¬ 
ing stack height for entry into the computer's calcu¬ 
lation. 

The wire sizes used on the old transformer provide 
an important clue as to the amount of power the origi¬ 
nal transformer was able to deliver. The power can 
be estimated by multiplying the secondary winding 
current by the winding's voltage. For transformers 
with multiple secondary windings, add up the individu¬ 
al winding power to get the total transformer power. 
To determine the nominal current value a wire can 
handle, assume 500 CM per ampere. For example, a 
No. 23 wire will handle 1 ampere of current. Wire has 
a resistance value which contributes to heat loss as 
current flows through it. For a given current value, a 
larger wire size would dissipate less heat because of 
its lower resistance. 

wire sizes 

Table 2 provides comparative data for various wire 
sizes. Of concern is the amount of current a particu¬ 
lar wire will carry and how much space is required 
when the wire is used for windings on a transformer. 
Heat rise is affected by wire size and is controlled by 
the circular mil area (CM) of the wire. For example, 
a wire of 1000 CM carrying 1 ampere of current will 
run cool with about a 25-degree C temperature rise 
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Table 2. Wire table. 


Circular 
mil area 
(CM) 

Wire 

size 

(WS) 

Turns/inch 

(Tl) 

Space 

factor 

(SF) 

8 

41 

250 

0.85 

10 

40 

239 

0.86 

12 

39 

215 

0.86 

16 

38 

193 

0.87 

20 

37 

170 

0.87 

25 

36 

155 

0.87 

31 

35 

140 

0.88 

40 

34 

124 

0.88 

50 

33 

110 

0.88 

64 

32 

98 

0.88 

80 

31 

88 

0.88 

100 

30 

80 

0.89 

128 

29 

71 

0.89 

160 

28 

64 

0.89 

202 

27 

57 

0.89 

253 

26 

52 

0.89 

320 

25 

47 

0.90 

404 

24 

42 

0.90 

511 

23 

37 

0.90 

640 

22 

33 

0.90 

812 

21 

30 

0.90 

1020 

20 

26 

0.90 

1290 

19 

23 

0.90 

1620 

18 

21 

0.90 

2050 

17 

19 

0.90 

2580 

16 

17 

0.90 

3260 

15 

15 

0.90 

4110 

14 

13 

0.90 

5178 

13 

12 

0.90 

6530 

12 

10 

0.90 

8234 

11 

9 

0.90 

10380 

10 

8 

0.90 

13100 

9 

7 

0.90 


above ambient. At 1 ampere, 500 CM will run warmer 
with a 50-degree C rise, and 300 CM will run hot at 
a 75-degree C rise. Enamel insulation (purple to black 
color) on copper wire must be operated below 50 
degrees C rise to keep the insulation from disintegrat¬ 
ing. Formvar (orange color) and the newer high- 
temperature insulation materials are capable of han¬ 
dling the higher temperature rises without failure. 

The number of turns-per-inch (Tl) and space factor 
(SF) are provided in table 2. The Tl number is based 
upon the diameter of double-coated formvar insula¬ 
tion. Wire coated with enamel will also be of about 
the same diameter. The SF is a judgment of wasted 
space at the end of each layer and is dependent upon 
winding uniformity. Working together, Tl and SF 
values improve the chances of predicting whether or 
not all of the desired number of turns of the selected 
wire will fit into the core window. It's better to know 
the fit up front than after the core has been wound. 

core stacking 

There are two ways of stacking E and / material to 


make up a transformer core. The first way is an inter¬ 
leaved stack, which means that E laminations are al¬ 
ternated in direction as they're stacked to create a 
double closed loop (i.e., with no air gap at the core 
ends). Individual / laminations are pressed into the 
gaps between the E's to fill in the core. The second 
way is called a butt stack where all of the E's are 
stacked in parallel to maintain the E shape. The ends 
of the E's are butted up against a stack of / lamina¬ 
tions equally as high to form a nearly closed core. 

Each stacking method is best suited for a particular 
application. An interleaved stack is most suitable when 
the transformer windings support only alternating cur¬ 
rent power. With only alternating current power ap¬ 
plied, a transformer's efficiency is improved with a 
closed core which keeps the flux lines contained within 
the core. Flowever, the tendency for core saturation 
increases with the closed core, particularly with the 
addition of direct current in one of the windings. When 
used with a rectifier, the non-uniform waveform of the 
pulsating dc produced will affect the transformer's per¬ 
formance, but the effect is usually ignored. 

If it's necessary to have direct current flowing in one 
of the windings, a butt stack is preferred over an in¬ 
terleaved stack. Direct currents cause a biasing of the 
magnetic flux in the core, and if too high, the core 
could saturate. That means the number of flux lines 
has been raised to the maximum density the core can 
handle. (A simple analogy: it's like trying to put more 
people on a bus than the bus can hold. After the bus 
is filled, adding another person to the bus causes 
someone to be squeezed out elsewhere. The bus is 
"saturated.") When saturated, the core will fail to re¬ 
spond to the AC changes applied to the primary wind¬ 
ing. Therefore, the advantage of the butt stack is that 
a small air gap can be created between the ends of 
the E and / stacks to provide a flux leakage path. Flux 
leakage reduces the tendency for core saturation by 
allowing some of the flux lines to escape. A thin piece 
of paper or tape can be used to establish and hold a 
desired gap dimension. 

winding a core 

Winding wire onto a core may be accomplished by 
either hand or machine. Most home experimenters use 
the hand-winding technique. Whether hand- or ma¬ 
chine-wound, the wire insulation must be treated with 
care to prevent damage; scratches in the insulation 
can cause the turns of wire to short. Because of poten¬ 
tial insulation damage, wire salvaged from used trans¬ 
formers is seldom used for new transformers. 

When starting a winding operation, wind the wire 
on a bobbin or paper tube. The bobbin or paper tube 
serves as a smooth winding surface for the wire and 
provides insulation from the core. The form also pro¬ 
vides support for the coil before the core laminations 
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POWER TRANSFORMER DESIGN DATA 

ENTER THE VALUES AS REQUESTED- 

CORE TONGUE DIMENSIONS IN INCHES — 
TONGUE WIDTH 

0.875 

HEIGHT 

0.875 

ENTER PRIMARY VOLTAGE 

120 

ASSUMING A SINGLE SECONDARY WINDING, 
ENTER THE DESIRED OUTPUT VOLTAGE 

12 

ENTER SERVICE RATING # — 

1 - INTERMITTANT DUTY (75C RISE). 

2 - COMMERCIAL DUTY (50C RISE). 

3 - MILITARY DUTY (25C RISE). 

ENTER # 

2 

POWER TRANSFORMER DESIGN DATA 
RATING IS 

COMMERCIAL DUTY (50C RISE) 

PRIMARY VOLTAGE - 120 VOLTS. 

PRIMARY CURRENT - 0.221 AMPS. 

# PRIMARY TURNS - 699.4 
PRI TURNS PER VOLT- 5.8 : 1 
PRIMARY WIRE SIZE - #29 

7.9 LAYERS OF 88 TURNS/LAYER. 

SECONDARY VOLTAGE - 12 VOLTS. 

MAX SEC CURRENT - 2.083 AMPS. 

I SECONDARY TURNS - 83.9 
SECONDARY WIRE SIZE - #19 

2.9 LAYERS OF 28 TURNS/LAYER. 

ENTER 1 TO CONTINUE RATINGS 

GENERAL TRANSFORMER RATINGS 

APPROX POWER RATING - 25 VA. 
EFFICIENCY - 93.98X 
COPPER REGULATION - 20X 
APPROX CORE LOSS - 1.6 WATTS. 

APPROX CORE WEIGHT - 0.83 LBS. 

ASSUMED FLUX DENSITY- 14.4 KILOGAUSS 
SOURCE FREQUENCY - 60 HERTZ. 

ASSUMED CORE WINDOW RATIO - 3.5:1 
WINDOW AREA - 0.57 SQ INCHES. 

WINDOW WIDTH - 1.412 INCHES. 

WINDOW HEIGHT - 0.404 INCHES. 

DO ANOTHER? 1-Y 2-N 

fig. 3. Sample screen printout of design. 


sulation cracking could occur, exposing the copper 
and increasing the possibility of shorts. 

The coil is finished off with a layer of paper or tape 
to provide a protective cover for the wire. Then the 
laminations are stacked, using either the interleaved 
or butt stack method. When using the interleaved 
method, alternate the direction of the E's as they're 
inserted into the tube or bobbin, then slip the I's into 
the open slots. If using the butt stack, slide all of the 
E's into the form from one side. Stack the / lamina¬ 
tions to an equal height of the E's and hold the I's to¬ 
gether either with a small amount of wax or varnish. 
A narrow strip of masking tape may be wrapped 
around the / stack. The tape must be positioned so 
that it won't interfere with ends of the E stack. Tape 
may be wrapped around the cores edge (not over the 
coil) to hold the assembly together. Apply power and 


check out the completed transformer. Unloaded, the 
output voltage will be slightly higher than the calcu¬ 
lated value. It will, however, decrease under load. 

the program 

The program (fig. 1) will calculate the number of 
turns and wire size for a given core. Both are based 
upon the maximum power the core can handle (as¬ 
suming a 90-percent power factor). To keep the wind¬ 
ing project simple but usable, and within the grasp of 
a novice winder, the program was written to accom¬ 
modate a single secondary winding. For multiple wind¬ 
ings, the program is used to find the amount of power 
(VA) available that must be distributed among all wind¬ 
ings. Likewise, the wire size must decrease so that the 
copper mass will fit within the available core window 
area. 

Formulas used in the program are based on a float¬ 
ing point decimal. Some program adjustment may be 
required for machines operating with INTEGER 
BASIC. 

The program was written in straightforward BASIC 
so that it would be transportable to the greatest num¬ 
ber of BASIC dialects. All program variables (in fig. 
2) have been listed to provide a troubleshooting aid 
in case of a syntax error. Variables have been limited 
to two characters to maintain program simplicity and 
to accommodate machines limited to two alpha vari¬ 
ables. Should that still be a problem, the second 
character of each variable may be changed to a num¬ 
ber. An abundance of REM statements have been 
used to aid in following each program step. 

Program flow is organized with the GOSUB tables 
at the beginning of the program. In BASIC, the com¬ 
puter always starts at the top of the program (lowest 
line number) and searches down for a particular 
GOSUB line. Execution time is reduced when the 
GOSUB line is found at the beginning of the search. 
Upon completion of the GOSUB operation, a stack 
pointer returns the program to the line number follow¬ 
ing the GOSUB instruction without having to search 
further. A sample run is shown in fig. 3. 

Whether you're an educator or an experimenter, this 
computer program should become a valuable tool. It 
will provide comparative winding data for various core 
sizes and winding voltages. Give it a try! 
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are inserted. Machine-winding on a plastic bobbin, 
rather than a paper tube, can allow up to a 30-percent 
increase in the amount of copper that can fit on the 
core. Hand-winding onto a bobbin is also desirable. 
However, in the absence of a bobbin, one must use 
a paper tube. Tubes made commercially are construct¬ 
ed of pressed paper and impregnated with wax or var¬ 
nish. The coil form (tube or bobbin) may be reused 
if salvaged along with the core, but burrs and sharp 
points should be removed from the form with a 
smooth file or sharp knife to prevent wire from snag¬ 
ging during the winding operation. 

If you didn't salvage the paper tube, you can make 
one from shoe box cardboard. Tubes for small trans¬ 
formers can be made from a manila folder or post card 
stock. To shape the tube, it's first necessary to stack 
the core to form an E to the desired height, which is 
usually square (i.e., height is equal to tongue width). 
Masking tape wrapped around the outer legs will hold 
the laminations in place while the tube is being formed. 
Cut a piece of the cardboard long enough to make one 
turn around the center leg and as wide as the tongue 
is long. Care must be taken to prevent creases in the 
cardboard except at the corners of the core. Creases 
tend to decrease the strength of the tube, causing it 
to collapse during the wire winding operation. The 
seam in the tube may be at one of the corners. Knead 
the cardboard against the iron core to remove any ten¬ 
dency to bulge; you can use the round shaft of a 
screwdriver as a kneading tool. After the tube is 
formed and trimmed to fit tightly around the core leg, 
lay a single strip of masking tape along the seam to 
cover the gap. With the tube still on the core, wrap 
one turn of tape around each end of the tube to in¬ 
crease the end strength slightly and to keep the gap 
closed. Remove the tube from the core and mark the 
tube sides that were against the flat sides of the lami¬ 
nation. Because the core stack is not perfectly square, 
marking of the tube is necessary for core re-stacking 
orientation. After forming, the tube may be soaked 
with varnish to improve its mechanical stability and 
moisture resistance. 

During winding, it will be necessary to start and stop 
wire winding on the flat sides of the lamination. It's 
usually desirable to place the primary winding (the 
winding with the smallest wire size) next to the core. 
Because of the shorter distance around the core, less 
wire is used. Less wire means lower resistance, lower 
copper loss, and better regulation. Starting and end¬ 
ing coil ends should be on the same side of the core 
for convenience. Place the wire near one end of the 
tube with the wire end extending outward about 6 
inches. Use a small tab of masking tape like a flag to 
hold the starting end in place as close to the tube edge 
as possible. Wind the wire onto the tube one turn at 
a time over the flag, positioning the wire tightly against 


A Core selector 
AC Core cross sectional area 
AW Window area 
BM Flux density 
CL Core loss 
CM Circular mil area of wire 
CP Copper loss 

CR Copper regulation 

EF Transformer efficiency 
EP Primary voltage 
ES Secondary voltage 
H Stack height 
HA Window height 

IP Primary current 

IS Secondary current 
LA Layers of wire 
LB Core weight 
NN Temporary variable 
NP Number of primary turns 
NS Number of secondary turns 
PH Height of primary winding 
PR Temperature rise rating 

RC Equiv. series resistance of copper around core 

SE Temperature rise selector 

SF Layer space factor 

SH Height of secondary winding 

TH Total winding height 

Tl Number of turns per inch of wire 

TL Number of turns per layer 

TV Turns per volt-primary winding 

VA Volt-amp rating 

W Tongue width (inches) 

WB Window width 
WS Wire size 
Z Temporary variable 

fig. 2. List of program variables. 


the adjacent turns of wire. To avoid wasting space, 
be careful not to overlap one wire over another. 

One of the biggest problems with hand-winding is 
holding the first and last turn of each layer in place 
on a paper tube; the end turns tend to fall off because 
of weak end support. A dab of glue from a glue stick, 
or of paraffin or rubber cement, on the end two or 
three turns will help hold them in place. 

Each successive layer of wire will tend to fall be¬ 
tween the wires of the layer below unless a paper sepa¬ 
rator between windings is used as a winding surface. 
Even though it has a slick surface, a strip of wax pa¬ 
per usually works well as a separator. It can be 
wrapped over the winding layer and tacked in place 
with a hot soldering iron. Heat from the soldering iron 
will melt the wax, sticking the paper ends together. 
The next layer of wire over the separator will hold it 
permanently in place. Each layer wound onto a paper 
tube will be progressively shorter (i.e., have fewer 
turns) than the layer below it, causing the coil to be 
tapered like the base of a pyramid. Using a bobbin 
solves the tapering problem. 

Keep the wire tight during winding to reduce wast¬ 
ed space and wire bulging. As each turn of wire is ad¬ 
ded, it's pressed against the form to remove the bulge. 
In addition, the wire mustn't be stretched because in- 
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THE MOST AFFORDABLE 
REPEATER 

ALSO HAS THE MOST IMPRESSIVE 
PERFORMANCE FEATURES 

(AND GIVES THEM TO YOU AS STANDARD EQUIPMENT!) 


BAND KIT WIRED -~^ i>—p 

6M, 2M, 220 $630 $880 °f 

440 $730 $980 I 

(Also available for commer- • * 
clal bands) L —- 

FEATURES: - 1 

• SENSITIVITY SECOND TO NONE; 0.15 uV (VHF), 0.2 uV(UHF)TYP. 

• SELECTIVITY THAT CAN'T BE BEAT! BOTH 8 POLE XTAL FILTER 
& CERAMIC FILTER FOR > lOOdBAT ± 12KHZ. HELICAL RESON¬ 
ATOR FRONT ENDS TO FIGHT DESENSE & INTERMOD. 

• OTHER GREAT RECEIVER FEATURES: FLUTTER-PROOF 
SQUELCH, AFC TO COMPENSATE FOR OFF-FREQ TRANSMIT¬ 
TERS, SEPARATE LOCAL SPEAKER AMPLIFIER & CONTROL. 

• CLEAN, EASYTUNETRANSMITTER; UPTO 20WATTSOUT (UPTO 
50W WITH OPTIONAL PA). 



HIGH QUALITY XMTR & RCVR MODULES FOR 
REPEATERS , LINKS. TELEMETRY, ETC. 


R144/R220 FM RCVRS for 2M or 220 MHz. 0.15uV 
sens.;8 pole xtal inter & ceramic filter in i-f, helical 
resonator front end for exceptional selectivity, 

> lOOdB at ± 12 kHz, (jest available today. Flut- ' 

ter-proof squelch. AFC tracks drifting xmtrs. 

Xtalovenavail.Kitonly$138. / 

R451 FM RCVR Same but for uhf. Tuned jSjjHjjQr/ 

line front end, 0.3 uV sens. Kit only $138. 

R76 FM RCVR for 10M, 6M, 2M, or 220. As above, 
but w/o AFC or hel. res. Kits only $118. Also avail w/4 pole filter, only $98/kit. 
R110 VHF AM RECEIVER kit for VHF aircraft 
or ham bands or Space Shuttle. Only$98. ( 


• TA51 VHF FM EXCITER for 10M.6M, 

2M, or 220 MHz. 2 Watts continuous, 
up to 3W intermittent. Kit only $68 

• TA481 UHF FM EXCITER 2W cont., up to 3W 
intermittent. Kits only $68. Xtal oven avail. 

• VHF A UHF UNEAR AMPLIFIERS. For either FM or or SSB. Power levels 
from 10 to 45 Watts to go with exciters & xmtg converters. Several 
models. Kits from $ 78. 




RECEIVING CONVERTERS 


LOW-NOISE PREAMPS 


MINIATURE PREAMPS 


Models to cover every practical rf & if range to listen to SSB, 
FM.ATV.etc. NF*2dBorless. 


Input Rang* 

28-32 

50-52 

50-54 

144- 146 

145- 147 
144-144.4 

146- 148 
220-222 
220-224 
222-226 
220-224 
222-224 



VHF MODELS 
Kit with Case $49 

Less Case $39 

Wired $69 

UHF MODELS 
Kit with Case $59 

Less Case $49 

Wired $75 


SCANNER CONVERTERS Copy 806 M Hz band on any scan¬ 
ner. Wired/tested ONLY $88. 


TRANSMIT CONVERTERS 


For SSB, CW, ATV, FM, etc. Why pay big bucks for a multi 
mode rig for each band? Can be linked with receive convert¬ 
ers for transceive. 2 Watt9 output vhf, 1 Watt uhf. 


For VHF, 
Model XV2 
Kit $79 
Wired $149 
(Specify band) 

For UHF, 
Model XV4 
Kit $79 
Wired $139 


Exciter 
Input Range 

2880 

28-29 

28-30 

27-27.4 

28-30 

50-54 

144-146 

144-146 


* Add $20 for 2M Input 


VHF & UHF LINEAR AMPLIFIERS. Use with above. 
Power levels from 10 to 45 Watts. Several models, 
kits from $78. 



Hamtronlcs Breaks 
the Price Barrier! 


No Need to Pay $80 to $125 
tor a GaAs FET Preamp. 


FEATURES: 

• Very Low Nose: 0.7dB VHF, 0.8dB UHF 

• High Gain: 13 to 20dB, Depending on Freq. 

• Wide Dynamic Range for Overload Resistance 

• Latest Dual-gate GaAsFET, Very Stable 


MODEL 

TUNES RANGE 

PRICE 

LNG-28 

26-30 MHz 

$49 

LNG-50 

46-56 MHz 

$49 

LNG-144 

137-150MHZ 

$49 

LNG-160 

150-172 MHz 

$49 

LNG-220 

210-230 MHz 

$49 

LNG-432 

400-470 MHz 

$49 

LNG-800 

800-960 MHz 

$49 


HELICAL RESONATOR 
PREAMPS 


Low-noise preamps with 
helical resonators re¬ 
duce intermod and 
cross-band interference 
in critical applications. 
12dBgain. 



MODEL 

TUNING RANGE 

PRICE 

HRA-144 

143-150 MHz 

$49 

HRA-( *) 

150-174 MHz 

$49 

HRA-220 

213-233 MHz 

$49 

HRA-432 

420-450 MHz 

$64 

HRA-( * ) 

450-470 MHz 

$64 


*Specify Center frequency desired 


GaAsFET Preamps with fea- 
agfly L tures similar to LNG, ex- 

cept designed for LOW 

C0ST and 5/ SMALL 

mounts inside many 

NEW rad,os ' 

Modal LNW-< * ).Only $19/klt, $34wlrad 

Models available to tune the following bands: 
25-35, 35-55, 55-90, 90-120, 120-150, 
150-200, 200-270, and 400-500 MHz. 

‘Specify band 


IN-LINE PREAMPS 


NEW 


GaAsFET Pra-1 

amp with tea- lL— -is® 7 •..?» 

(urea like LNG. BWawni TIT--- — 

Automatically 

switches out of line dur- 

ino transmit. Use with base or mobile 

transceivers up to 25W. Tower mtg hdwr Incl. 

MODEL TUNES RANGE KIT WIRED 

LNS-144 120-175 MHz $59 $79 

LNS-220 200-240 MHz $59 $79 

LNS-432 400-500 MHz $59 $79 


ACCESSORIES 


• MO-202 FSK DATA MODULATOR. Run up to 
1200 baud digital or packet radio signals 
through any FM transmitter. 

• DE-202 FSK DATA DEMODULATOR 

• COR-2 KIT With audio mixer, local speaker 
amplifier, tall & time-out timers. 

• COR-3 KIT with "courtesy” beep”. 

• DTMF DECODER/CONTROLLER KITS 

• AUTOPATCH KITS. Provide repeater auto¬ 
patch, reverse patch, phone line remote 
control of repeater, secondary control. 

• CWID KITS • SIMPLEX AUTOPATCH 


• Send $1 for Complete Catalog 

(Send $2.00 or 4 IRC's for overseas mailing) 

• Order by phone or mail • Add $3 S & H per order 

(Electronic answering service evenings & weekends) 

• Use VISA, MASTERCARD, Check, or UPS COD. 


hamlromcs, me. 

65-E MOUL ROAD • HILTON NY 14468 

Phone: 716 392 9430 Humlronics* is a registered trademark 
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NO TUNERS! 
NO RADIALS! 
NO RESISTORS! 
NO COMPROMISE! 
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I SOT RON 160 
OVER 900 SQ. 
INCHES OF 
RADIATION 
AREA. MORE 
THAN Zi WAVE 
DIPOLE 


^ CALL 

FOR FREE 
BROCHURE 

OUR 7TH VR OF BUSINESS. 

3 EXCELLENT REVIEWS JUST DON'T HAPPEN 
BY CHANCE-OCT 84, SEPT 85, MAR 81,73 MAG. 

^ BILAL COMPANY ^ ” 

SR 2, Box 62. Dept SI ^ 

tucha. OK 74342 PH: 918-253-4094 




VERTICAL 

ANTENNAS 


ALL ABOUT 
VERTICAL 
ANTENNAS 

by Bill Orr. W6SAI and Stu Cowan, W2LX 


Smart DX’ers Know that the vertical antenna can be the secret to low band 
DX success Until now. most books gave at best a cursory overview and a 
couple ol protects tor the vertical Ham Radio s well known columnist and 
book author Bill Orr. has now given the vertical the kind ol attention it deserves 
in his own popular style Theory, design, construction, operation—all the 
secrets ol making the vertical work—are fully covered in clear concise easy- 
to-read text Orr is a master at making the complex simple and this book is 
no exception Here's just a sample ol what this exciting new book covers 
Horizontal vrs vertical—which is best? Top loaded and helical antennas, 5 
high etliciency Marconi antennas tor 80 and 160. verticals and TVI—Is there 
a problem 9 The effects of ground on vertical antennas and a how to make 
an effective ground system. The Bobtail beam, construction data for 25 differ¬ 
ent antennas, matching circuits of all descriptions—which is best, plus PL¬ 
ENTY more 1 For years Hams having been asking for this book. Get your s 
now You won't regret it' 1986 1st Edition 
RP-VA Softbound $10.95 

Please enclosed S3 50 shipping and handling 

ham radio’s bookstore 

Greenville, NH 03048 . 
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\ Interested in I 

"SAVING I- 

i money? ; *h s=? St« Ir 

2 I TEST equipment I I 

3 Want to find I 

satellite 6 I I 
3 .. DCCT I audiovisual II 

.the BEST cjsasra, 

s BARGAINS ZS3SES- 

ion NEW and 
| USED ELECTRONIC 
i EQUIPMENT available? 

\ You’ll Find Them 

in the Nation*§ No. 1 
| Electronic Shopper Magazine 

1 NUTS & VOLTS 

9 

9 Now in our 7th Year 

9 

9 Nuts & Volts is published MONTHLY and features: 

\ NEW STATE-OF-THE-ART PRODUCTS • 

3 SURPLUS EQUIPMENT • USED BARGAINS 
3 • 50% DISCOUNT TO SUBSCRIBERS ON 
? CLASSIFIED ADS • EVENTS CALENDAR • 

9 NEW PRODUCTS • LOW COST DISPLAY 
9 AD RATES • NATIONAL CIRCULATION • 

| AND A FREE 40-WORD CLASSIFIED AD 
WITH YOUR SUBSCRIPTION 

SUBSCRIPTION RATES 

® D One Year - 3rd Class Mail $10.00 

® □ One Year - I st Class Mail $15 00 

* l i One Year - Canada & Mexico (in U S. Funds) S18 00 

2 □ Lifetime - 3rd Class Mail (U S Only) $35 00 

3 ORDER NOW! 

9 

3 Send: □ Check L Money Order Visa MasterCard 

9 


$ 10.00 
$ I 5 00 
S18 00 
$35 00 


„ NUTS & VOLTS MAGAZINE 

% P.O. BOX III l-H 

3 PLACENTIA, CALIFORNIA 92670 

; (714) 632-7721 

9 

® Name_____ 

9 

3 Addres\_ 

9 

9 City -- 

9 

2 State_ Zip- 

3 Card Nu_ 

a Exp Date-- 

» IF YOU'RE INTO ELECTRONICS. 

THIS MAGAZINE WILL SAVE YOU MONEY! 

9 

3 Dealer Inquiries Invited ^ 152 
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ham 

radio 

Reader Service 


For literature or more information, locate 
the Reader Service number at tne bottom of 
the ad circle the appropriate number on 
this card, athx postage and send to us 
We II hustle your name and address to the 
companies you re interested in 
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using spreadsheet 

programs 

for Amateur Radio 

projects 

Most of us who own home com¬ 
puters have learned to program them in 
BASIC and found ways to use them in 
the ham shack. Although BASIC is easy 
enough to learn and to use, there are al¬ 
ternatives that make some chores much 
easier. For example, I've been using Lo¬ 
tus 1-2-3™, a highly respected and 
widely used electronic spreadsheet, for 
a number of tasks such as keeping and 
duplicating contest logs, printing QSL 
cards, and the like. Any of the other 
popular spreadsheets, such as 
Multiplan™, would probably work just 
as well. 

Spreadsheet programs are personal 
productivity tools that allow us to ana¬ 
lyze data and create reports. The 
spreadsheets themselves are large grids 
of entries that can include text, formu¬ 
las, and numerics. Since worksheets are 
able to store formats, formulas, and 
data, changes can be made to files in 
order to update or revise data. 

I use Lotus 1-2-3 to generate DXCC 
and WAS records and schedules (f ig. 1, 
personalized QSL cards (fig. 2), mailing 
labels, and graphs (fig. 3). TheQSLap- 
plication includes a "macro," a list of 
commands that can be executed as 
needed in order to make the job of en¬ 
tering information and printing the 
results largely automatic. 

No matter what spreadsheet program 
you use, you should have no difficulty 
duplicating the worksheets. The 
5BDXCC record (fig. 1) is made by en¬ 
tering the names of all countries worked 
in the first column and placing the vari¬ 



ous band headingsat the top of columns 
B through F. Using the @>COUI\lT 
function* produces an automatic up¬ 
date of the band totals at the bottom of 
each column. Subtotals for each coun¬ 
try, shown on the right, also use the 
same @COU!\IT function. As new 
countries are worked, all that's required 
is the insertion of new lines where need¬ 
ed to accommodate the new listings. 
When the WORKSHEET-INSERT- 
ROW command is used, the formulas 
are revised automatically to count the 
new totals. The 5BWAS worksheet is 
basically the 9eme, except that I entered 
column dividers between each band to 
improve the appearance of the graph. 
As with the DXCC record, the pro¬ 


'Commands shown are specific to Lotus 1-2-3. - Ed. 


gram's @>COUNT or (©SUM functions 
have been used to determine the totals. 

QSL card generator 

The QSL card generator is a macro- 
driven file that allows quick, easy prepa¬ 
ration of a large or small number of 
QSLs. Figure 2 shows a typical card, 
printed on inexpensive continuous-feed 
postcards available at most computer 
supply stores. 

The QSL worksheet is designed in 
columns A through F, using rows 1 
through 18. The print range covers rows 
1 through 21, which allows the print 
head to return to the starting point on 
the next QSL card. All entries are made 
by means of the data-entry and printing 
macro. When started, the macro moves 
the cursor around the card as the return 
key is struck. This feature is a big time- 
saver, particularly because the macro 
sends the card to the printer when the 
last entry is made. The line printer must 
be turned on when the QSL generator 
is running because the finished card is 
sent to the printer after the last of the 
data is entered. 

The construction of the QSL tem¬ 
plate is fairly simple. Starting with a 
blank default worksheet, save a file un¬ 
der the name "QSL." Referring to fig. 
2, use rows 1 through 7 to design the call 
sign. (Although I used numbersand let¬ 
ters to design my card, any character or 
keyboard symbol may be used.) Next, 
design the station report in rows 9 
through 11. Insert the message, ad¬ 
dress, or other information in rows 13 
through 18. 

When the design is complete, use the 
TAB key to move to a blank cell of the 
worksheet and enter the macro. The 
macro listing shows all of the com- 


AA DDDDDD 

1 1 DBBBBBB 

AA AA DD D 

1 1 B6 B 

AA AA DD D 

1 1 SB B 

AA AA DDDDDD 

I'hIHIJ: UA1> 1 V O.'NF l I'M IN'* 

1.1-11: IS..u I'M 1 Ml U 

i. ii'! y h nwi Hn• -1 

11)111 PBBBBBB 

S4 in uno ini- AWfc 

fig. 2. Sample QSL card. 
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HI Equipment 

Regular SALE 

IC-735 HI transceiver/SW rcvr/mic 

999 00 849" 

PS 55 External power supply. 

199 00 179" 

AT 150 Aulomalic antenna tuner 

445 00 359" 

FI 32 500 Hz CW Idler. 

66 50 

EX 243 Electronic keyer unit. 

56 00 

UT-30 Tone encoder. 

17 50 


\oo - ,mm' r 

•. ii. » ... 

—() J JJ 

o o O >J w 


IC-745 9band xcvr w/.l-30 MHz rcvi 

PS-35 Internal power supply. 

EX-241 Marker unit. 

EX-242 IM unit. 

EX-243 Electronic keyer unit. 

FL 45 bOO Hz CW filter (1st II). 

Fl-54 ?70 Hz CW filter (1st II) 
EL-52A bOO It/ CW (liter (2nd If) 
FL 53A 250 Hz CW filter (2nd If) 
FI-44A SSB filler (2nd IF). 


104900 899" 
199 00 179" 
22 50 
44 00 
5600 
66.50 
53 00 

108 00 99" 
108 00 99" 
178 00 159" 


Z itFiw !t 


15*3 "5 mm - 

K ' * --•*« 

til 


IC-751 9 band xcvr/.l 30 MH/ rcvr 1399 00 999“ 
IC-751A 9-band xcvr/ 1-30 MHz rcvr 1649.00 1399 

PS-35 Internal power supply. 199 00 179" 

FL 32 500 Hz CW (liter (1st IF)- 66 50 

FL-63 250 Hy CW tiller (1st IF). 54 50 

FL-52A 500 Hz CW litter (2nd If)... 108 00 99" 
FL-53A 250 H/CW Idler (2nd IF)... 108 00 99" 

FL 33 AM filter. 35 25 

FL-70 2 8 kHz wide SSB tiller. 52 00 

RC 10 External frequency controller 39 25 
Other Accessories: Regular SALE 

IC-2KL 160 15m solid state amp w/ps 1999 00 1699 

PS-15 20A external power supply. 169.00 154" 

PS-30 Systems p/s w/cord, 6 pm plug 299 00 269" 
0PC Opt cord, speedy 2. 4 or 6-pin 10 00 
MB Mobile mount, 735/745/751A .... 24 50 

SP 3 External speaker. 6100 

SP-7 Small external speaker. 49.00 

CR 64 High slab rel xtal (745/751) 63 00 

PP 1 Speaker/patch. 15925 149" 

SM-6 Desk microphone. 44 95 

SM 8 Desk true two cables. Scan. 78 50 

SM 10 Compressor/graph EQ. 8 pin mic 136 25 124" 
AT-100 100W 8-band auto antenna tuner 445 00 389" 
AT 500 500W9 band auto antenna tuner 559 00 489" 
OPC-118 Adapts At 100/500 to 1C 735 16 00 
AH-2 8 band tuner w/mounl 8 whip 625 00 549" 
AH-2A Antenna tuner system, only.... 495.00 429" 
OPC 137 Adapts AH 2/2A to 1C 7512745 16 00 



Check the Prices at AES ! 

Other Accessories - continued Regular SALE 

GC 4 World Clock (Closeout). 99 95 59" 

GC 5 World clock. 9195 

6-meter VHf Portable Regular SALE 

1C 505 3 10W 6m SSB/CW portable 54 9 0 0 4 89" 

BP 15 AC charger. 14 00 

EX-248 IM unit. 55 50 

LC-10 Leather case. 3950 

VHf I'llI lid..- multi-modes Regular SALE 
IC-551D 80W 6 meter SSB/CW... ... 79900699" 

EX-106 FM option. 140 00 126" 

BC-10A Memory back up 9 50 

IC-271A 25W2m IM/SSB/CW 859 00 759" 

AG 20 Internal preampldiei. 64 00 

IC-271H 100W 2m fM/SSB/CW 1099 00 969" 
AG-25 Mast mounted preamplifier... 95.00 
IC-471A 25W430450SSB/CW/FMxevi 97900 869" 
AG-1 Mast mounted preamplifier... 99 50 

IC-471H 75W 430 450 SSB/CW/FM 1399 00 1169 
AG-35 Mast mounted preamplifier... 95.00 

Accessories common ro 271A/H and 471 A/H 
PS-25 Internal power supply lor (A) ., 115 00 104" 
PS-35 Internal power supply lor (H)... 199 00 179” 

SM-6 Desk microphone. 44 95 

EX-310 Voice synthesizer 46 00 

TS-32 ComrnSpec encode/decoder.... 59 95 
UT-15 Encoder/decoder Interlace... 1400 

UT-15S UT-I5S w/IS-32 installed. 92 00 

VHI/UHt mobile multi-modes Regular SALE 
1C 290H 25W 2m SSB/f M TTP mic... 639 00 569" 
IC-490A 10W 430 440 SSB/FM/CW 699 00 599" 
VHf I Hi I 2 GHz FM Regular SALE 

IC-27A Compact 25W2m EMw/ITPmic 42900 379" 
IC-27H Compact45W2mFMw/tFPmic 45900 399" 
IC-37A Compact 25W 220 FM. TTP mic 49900 439” 
IC-47A Compact 25W 440 FM TTPrmc 549 00 489" 
PS-45 Compact 8A power supply 13900 129" 
UT- 16/EX-388 Voice synthesiser... 34 99 

SP-10 Slim line external speaker... 3599 

1C 28A 25W 2m IM. UP/DN mic. 429 00 379" 

IC 28H 45W2rnfM. UP/DNmic. 45900399” 

IC 38A 25W220I M. 459 00 399” 

IC 48A 25W 440-450 FM .. 45900 399” 

HM 14 FTP microphone. . 55 50 

UT 28 Digital code squelch.. 37 50 

UT-29 lone squelch decoder. 43 00 

HM 16 Speaker/mictophone. 34 00 

IC-3200A 25W 2m/440 FM w/ITP. 599 00 499” 

UT-23 Voice synthesizer. 34 99 

AH-32 ?m '440 Dual Band antenna ... 37 00 

AHB-32 Dunk lip mount. 34 00 

Larsen PO-K Root mount. 20 00 

Larsen PO-TLM Trunk-lip mount.... 2018 
Larsen PO MM Magnetic mount 19 63 
RP-3010 440 MH/, 10WIM, xtal cont 1229 00 1099 

1C 120 1W 12 GHz FM Mobile. 579 00 499" 

Ml 12 1 2 GHz 10W amplifier. 379.00 339” 

1C 1271A 10W 1 2 GHz SSB/CW Base 1229 00 1079 
AG 1200 Mast mounted preampldiei 105 00 
PS-25 Internal power supply .. 115 00 104” 

EX-310 Voice synthesizer. 46 00 

TV 1200 ATV interlace unit...... 12900 119" 

UT-15S CTCSS encoder/decoder... 92 00 

RP 1210 I 2 GH;. IOW1M. 99 ch synth 14 79 00 1299 


■ Hand-helds Regular SALE 

1C 2A 2 meters. 279 00 249” 

IC-2AT with TTP. 299 00 259" 

1C 3AT 220 MH; TTP 339 00 299” 
1C 4AT 440 MHz. TTP 339 00 299" 

IC-02AT 2-rneters. 399 00 339” 

IC-03AT tor 220 MH; 449 00 399" 
IC-04AT lor 440 MHz 449 00 389” 

!C u2A 2 meters. 299 00 269” 

IC-U2AT with TTP. 32900 289” 

IC-12AT IW 1.2GH;fMHI/batt/cgr/rTP 45900 399" 
A-2 5W PEP synth. aircraft HT. 599 00 499” 
Accessaries lor 1C series Regular 

BP 7 425mah/13 2V Nicad Pak use BC 35 74 25 
BP 8 800mah/84V Nicarl Pak use BC 35 74 25 

BC 35 Drop in desk charger lor all batter es 74 95 
BC 16U Wall charger tor BP7/BP8 20 25 

LC 11 Vinyl case lor Dlx using BP 3. 20 50 

LC-14 Vinyl case lor Dlx using BP 7/8. 20.50 

LC-02AT Leather case lor Dlx models w/BP-7/8 54 50 
Accessories lot 1C and IC-O senes Regular 
BP 2 425mah/7 2V Nicad Pak use BC35 ... 47 00 
BP 3 Extra Std 250 mah/8 4V Nicad Pak 37 50 

BP-4 Alkaline battery case. 1525 

BP 5 425mah/10 8V Nicad Pak use BC35 58 50 

CA 5 5/8 wave telescoping 2m antenna. 18 00 

FA-2 Extra 2m Flexible antenna.. 11 50 

CP 1 Cig lighter plug/cord lor BP3 or Dlx ... 13 00 
CP-10 Battery separation cable w/clip 22 50 
DC 1 DC operation pak lor standard models 23 25 

EX-390 Bottom slide cap. 5 50 

MB 16D Mobile mtg bkt lor all HTs. 21 99 

LC 2AI Leather case tor standard models.... 54 50 

RB I Vinyl waterprool radio bag. 3150 

HH SS Handheld shoulder strap. 16 95 

HM 9 Speaker microphone.. 47 00 

HS 10 Boom microphone/headset 23 25 

HS-10SA Vox unit lor HS 10 & Deluxe only 2325 

HS 10SB PTT unit for HS 10 . 23 25 

ML 1 2m 23w m/lOw out amplifier .. SALE 99.95 

SS 32M Commspec 32 tone encoder. 2995 

Receivers Regular SALE 

R-71A 100 kHz-30 MH;. 117V AC.. $94900799” 
RC 11 Infrared remote controller. . 67 25 

FL 32 500 Hz CW tiller. 66 50 

FL 63 250 Hz CW litter (1st IF).. 54 50 

F144A SSB tiller (2nd IF). 178 00 159" 

EX 257 FM unit 42 50 

EX-310 Voice synthesizer. 46 00 

CR-64 High stability oscillator xtal 63 00 

SP 3 External speaker . 6100 

CK 70 (EX 299) 12V DC option 12 25 

MB 12 Mobile mount. 24 50 

R 7000 25 MHz 2 gHz scanning rcvr 1099 00 969” 
RC 12 Infrared remote controller... 67 25 

EX-310 Voice synthesizer .. 46 00 

AH 7000 Radiating antenna. 89 95 jj 


HOURS • Mon. thru Fri. 9-5:30; Sat. 9-3 

Milwaukee WATS line 1-800-558 0411 answered 
evenings until 8 00 pm Monday thru Thursday 

WATS lines are lor Quotes & Ordering only, 
use Regular line for other Into & Service dept. 


All Puces in this list are subicct to change without notice 


In Wisconsin (outside Milwaukee Metro Area) 

1-800-242-5195 


Order Toll Free: 1-800-558-0411 

AMATEUR ELECTRONIC SUPPLY® 

4828 W. Fond du Lac Avenue; Milwaukee, Wl 53216 • Phone (414) 442-4200 

-AES® BRANCH STORES - Associate Store 


WICKUFFE. Ohio 44092 ORLANDO. Fla. 32803 
28940 Euclid Avenue 621 Commonwealth Ave. 
Phone (216) 585-7388 Phone (305) 894-3238 
Ohio WATS 1-800-362-0290 Fla. WATS 1-800-432-9424 

Ohio 1-800-321-3594 

Florida 1-800-327-1917 


CLEARWATER. Fla. 33575 LAS VEGAS. Nev. 89106 CHICAGO. Illinois 60630 


1898 Drew Street 
Phone (813) 461-4267 
No In-State WATS 

No Nationwide WATS 


1072 N. Rancho Drive 
Phone(702)647-3114 
No In-State WATS 

“1-800-634-6227 


ERICKSON COMMUNICATIONS 
5456 N Milwaukee Avenue 
Phone(312)631-5181 

Illinois 1-800-621-5802 
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fig. 3. Sample graph. 


/ 

RANGE 

NAME 

CREATE 

" 12 " 

"RETURN" 

"RETURN" 

These commands establish the mac¬ 
ro name, allowing us to run the system 
by typing only two keys, "ALT-Z." 
Next, enter the macro commands listed 
in table 1 and save the completed file. 
To run a batch of QSL cards, load the 
QSL file, placing the cursor on the cell 
where the call sign is to be entered. Start 
the macro with "ALT-Z" and enter all of 


the station report data. After each item, 
hit the "RETURN" key to move to the 
next. Load the line printer with post¬ 
cards and turn it on; printing will begin 
as soon as the last entry is made. 

To improve the appearance of the 
QSLs, I've added a setup string to the 
macro to emphasize print on the call 
sign. The two lines that turn the empha¬ 
sized type on my Epson printer on and 
off are, respectively, "/027/069" and 
"/027/070". Other printers will require 
different instructions; consult your 
manual. 

I've found the QS L generator helpful 
because it processes data quickly and 
easily. New designs can be prepared to 
cover special events, portable opera¬ 
tions, and holidays. 

label-maker 

A simple application, but one that's 
useful for preparing mailings to club 
members or the like, is a label-maker. 
Although routines written in BASIC are 
often used to generate labels, using Lo¬ 
tus 1 -2-3 is simpler, quicker, and more 
convenient. 

I've been using labels consisting of 
nine rows from top to bottom. This al¬ 


Table 1 

QSL card macro. Note: explanations in right-hand column are not necessary for 

operation. 


\z 


ENTER THE CALL SIGN 


{RIGHTHRIGHT} 

MOVE TO THE RIGHT 


{RIGHT} 

MOVE TO THE RIGHT 


{?}~{DOWN} 

ENTER THE DATE AND MOVE DOWN 


{LEFT}{LEFT} 

MOVE LEFT 


{LEFT} 

MOVE LEFT 


’{?}~ 

ENTER THE TIME 


{RIGHTHRIGHT} 

MOVE TO THE RIGHT 


{RIGHT} 

MOVE TO THE RIGHT 


'{?}~{DOWN} 

ENTER THE FREQUENCY AND MOVE DOWN 


{LEFT}{LEFT} 

MOVE LEFT 


{LEFT} 

MOVE LEFT 


H?}~ 

ENTER THE REPORT 


{RIGHT}{RIGHT} 

MOVE RIGHT 


{RIGHT} 

MOVE RIGHT 


{?}~ 

ENTER THE MODE 


{LEFT}{LEFT} 

MOVE LEFT 


{LEFT} 

MOVE LEFT 


/PPCAARA1.G8~ 

SEND THE QSL TO THE PRINTER 


OOUMTO~MBO~S 

USE CONTINUOUS FEED FORMAT 


\027\069~QG 

SEND DOUBLE-STRIKE CHARACTER 


CARA9.G21" 

PRINT BALANCE OF QSL 


OOUMTO~MBO~S 

USE CONTINUOUS FEED FORMAT 


\027\070~QGQ 

CANCEL DOUBLE-STRIKE 


{UPHUP} 

MOVE TO START 


/XG\Z~ 

RESTART THE MACRO 


lows plenty of room for even the most 
complex mailing address. The starting 
point is the creation of a list of names 
and addresses in a single column of a 
worksheet. It's not necessary to set the 
column width to any particular size be¬ 
cause the text will simply run into the 
next column. 

Each new record starts nine rows be¬ 
low the prior starting point. If you select 
blank mailing labels with only six rows, 
be sure to change the spacing accord¬ 
ingly. Also remember that any time you 
enter a street address — "1 Main 
Street, "for example — theprogram re¬ 
quires that an apostrophe precede the 
entry to tell the program that text, rather 
than numerals, is being entered. To cre¬ 
ate a new file, simply type the names 
and addresses in a column as you want 
them to appear on the labels. 

To prepare the file for printing, type 
the following commands: 

/ 

PRINT 

PRINT 

OPTIONS 

OTHER 

UNFORMATTED 

MARGIN 

TOPO 

MARGIN 

BOTTOM O 

QUIT 

RANGE (SET YOUR RANGE) 

QUIT 

Next, save the label file under some 
descriptive name. When you're ready to 
print, load the label file and enter the fol¬ 
lowing commands: 

/ 

PRINT 

PRINT 

ALIGN 

GOl Note: labels will be generated at this 
point. 1 

QUIT 

Noprovision has been madetoallow 
alphabetical sorting. New names can be 
added to the end of the list; names can 
be deleted with the program's 
"WORKSHEET-DELETE-ROW" fea¬ 
ture. To print a batch of labels, all that's 
required is the six keystrokes listed 
above. Hint: starting printing with the 
print head set two rows down from the 
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tebook 


mands required to run the application. 
To start, enter the following in the 
selected cell: 

top of the label will help center the text 
on the label. 

graphs 

You can use Lotus 1 -2-3 to generate 
line graphs, bar graphs, stacked bar 
graphs, pie charts, and such. A graph 
such as shown in fig. 3, requires the fol¬ 
lowing data entry: 


80 

16 

40 

19 

20 

42 

15 

26 

10 

24 

ALL 

49 


These data are entered in columns A 
and B, starting in the first row. The fol¬ 
lowing commands are then entered in 
the worksheet before saving the final 
product: 

/ 

G 

TYPE BAR 

X-AXIS A1..A6 

A RANGE B1..B6 

OPTIONS TITLES 

FIRST "WORKED ALL STATES" 

TITLES SECOND "AD1B" 

TITLES X-AXIS "BAND" 

TITLES X-AXIS 

"CONFIRMATIONS" 

QUIT 

VIEW [This allows the graph to be 
seen.) 

QUIT 

The VIEW command allows you to 
see the graph and print it. You can also 
save the data while in the GRAPH menu 
and make a print by using the PRINT 
GRAPH disk in the Lotus package. 
Figure 3 shows the final appearance of 
the sample graph for my 5BWAS cer¬ 
tificate. 

Thomas M. Hart, ADI B 


suppression of high- 
level AM broadcast 
signals 

A transmatch and/or receiver input 
high-pass filter will provide effective at¬ 
tenuation of AM broadcast signals par¬ 
ticularly troublesome on the 160-meter 
band. Transceivers with diode T/R 
switching, however, are vulnerable to 
inter-modulation and cross-modulation 
interference caused by rectification of 
very high-level signals from close-in, 
high-power broadcast stations. A 
transmatch may not provide sufficient 
attenuation of the offending signal, 
and filtering in the receiver input after 
the diodes will not alleviate the 
problem. A conventional receiver high- 
pass filter cannot be put ahead of the 
diode switch because it would be sub¬ 
jected to the 100-watt output of the 
transceiver. 

A method of suppressing a high- 
level AM broadcast signal is shown in 
fig. 1. C3 and C4 in series with L2 form 
a series shunt trap tuned exactly to the 



frequency of the broadcast station. L2 
is a high-Q coil providing a very low 
shunt resistance at resonance, thus 
providing deep attenuation of the 
broadcast station signal. With the LC 
trap shown the impedance is high 
enough above 1.8 MHz so as not to at¬ 
tenuate signals on any of the bands. 
The high trap impedance also limits the 
current through L2 on transmit to an 
insignificant value above 1.8 MHz. In 


this arrangement the combined trap 
and transmatch becomes the imped¬ 
ance-matching network. It is neces¬ 
sary only to readjust Cl and C2 for 
minimum SWR in the normal manner. 

In my case there is a 50-kW station 
about 2/3 of a mile away on 1500 kHz. 
The trap reduces the 1500-kHz signal 
from 2.5 to 0.08 volts. It has cleaned 
up the 160-meter band dramatically 
and does not affect received signals 
above 1.8 MHz. Proper impedance 
match to the transceiver is achieved on 
all bands by tuning for minimum SWR 
in the normal manner. The trap coil is 
not even warm to the touch after 
transmitting 100 watts, key down. 

Jack Geist, N3BEK 

ham radio 
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fix fOCM 


BxIOCM 


INCLUDES 2 HOOK ON PROBES * 369 . 95 * 

20 MHz DUAL TRACE 

Features component testingcircuit lor resistors capacitors 
digital circuits and diodes—TV sync filter—high sensitivity— 
Zaxis XY mode—built incalibrator—5Xhorizontal magmliei 


INCLUOES 2 HOOK ON PROBES * 499 . 95 * 
35 MHz DUAL TRACE 

wide Irequencytrandwidth—optimal sensitivity —delayed 
triggering sweep—hold oil—ALT irigger—single sweep IVsync 
5* magnification—XY pi XY/ opeialion- HFILF noise reduction 


All Ramsey oscilloscopes feature unsurpassed quality at an 
unbeatable price Ot heavy duty construction they ate suitable 
tor hobby, service and production applications 

'Add an additional $10 OOlOr each unit lor shipping All includi Moll gualtiy III. 101 Iwokonprota irulrudltn/ itrvtctmimiil Oiiti icMminc inn cmiikmstI nyeut I year wirrmty 


ACCESSORIES FOR RAMSEY COUNTERS 

Telescopic whip antenna—BNC plug.$ 8.95 

High Impedance probe, light loading. 16.95 

Low pass probe, audio use. 1695 

Direct probe, general purpose use. 13.95 


PHONEORDERSCALL 

716 - 586-3950 

TELEX 466735 RAMSEY Cl 
FAX 716 - 586-4754 


TfIMS • HMtK»4*9U*'M«Hd • timiiMIV lUSiyi tlnot 

return «n •riQiml tore tar refund • add 6*, lor tfitpiung ml miur mc» tu i 
mitinmtlSlQQO • taretfftJM y.tor»ftAC* jit • COD mu X? 0 
iCOO rn USA entyl • wfltf» under 1 lb 00 tOi SI M • R» 'Wfcfiti icd ’ 
utatUr • 90 dig ci'ti war rent* millktU • I ye*r porn 6 Abo* 
w»rr»fl«,gfi|ll ■nrgdun.tt 

RAMSEY ELECTRONICS. INC 
2575 Baird Aye-Dept HR 
Penlield N Y 14526 


w rrm * 

INCLUDES 2 HOOK ON PROBES *449.95 

15 MHz DUAL TRACE PORTABLE 

Fietd/bench applications- built-incharaer and battery pack 
-up to2 hours operation per charoe —SX hon/onta' 
magnification—high brightness CRT -front panel trace rotator 


1 - 

MOOLI 

BANDWIDTH 

2200 

20 MH/ 

2500 

T5MHJ 

3500 

35 MH/ 


VERTICAL 

SENSITIVITY 

5 mV per div 
? mV per div 
1 mV per div 


MAXIMUM 
TRIG FREQ 

T5MH/ 
:iomh/ 
50 MH/ 


USFABIE 

MAXIMUM 

BANDWIOTH 

3OMH/ 

_?5 MH/^_ 

M)MH; 


MINI -100 COUNTER CT -707 DIGIT 525 MHz CT -909 0 IGIT 600 MHZ CT- 508 DIGIT 600 MHZ CT -125 9 DIGIT 1.2 GHz 


*189.95 2A»Afr^l^ #<, 


•riwotnciupts 
AC AOAPTH 


RAMSEY FREQUENCY COUNTERS 


»«f* 


MINI KITS-EASY TO ASSEMBLE-FUN TO USE-FOR BEGINNERS, STUDENTS AND PROS 

m 


cot ON ORGAN 

**t unit* come 4tr«t* 1 

rlitlnf nl iigfiu rtK.br' 
«>tnmuv( One Irani 

fupti rtnd) ting* 
andKMVs tarn nflnriflu 
All f Afl|ov!A|iN And 

tf*i.rsupto JOD# I un* 
on IKNAC 


VOICE ACTIVATED 
SWITCH 


40WAIT 2mn 
RWRAMr 

Simp*OasiCpOMt AmpteAtu-esB 
'•n«*po«** gam tWinfi* Bowl 2 Win 
ftSwl SWtr lor 40 W out Ma« 0 ', 1 pvt 
inr'*« 1 *Wf YAn/f complete «wr»in 
dNMrU Nss cast andf R'elay 

PA 1 40 A ( * Amy kit $ 22.95 

IN 1 Nr sensed I Htrl*i kit 6.95 


IIOUMRT Nil 

Alternately «asA**? 
jiiitthnlllH Its# fa* 
name badges buttons 
naming panel ugnts 
Rtjni on ItO ft volts 

k $ 2.95 


UNIVERSAL IIMIR 

f'O.ilV.mebAVCpA'tS 
AT*flfCU} 4 *(J>e<jLi«'*filO 
(V By rdf J SOu' ' • ol p*t 

( AKKt liming *nrt jw.'sr 
genratron Usrs'iW 
ll*npr C AINt«(VliK>n J 
•Ai'OroipA'lAh*' mini 
t.minq needs 

$ 5.95 


MAO BUSTER 

PrOduCn l >JU 0 f 4 ' Ail 
leung and attention got 
tmgvrenirtesnurw C*n 
yupply up t r ft *aH». it 
otM'uarOu*. Audio Hunk 
OAfrftVDt 

Me $4 95 


WHISPER LIGHT 

An .merest.ngfc.j smart 
m*k?p<A5^pvuurv1\ 
And converts mem io 
HJM iReioude. me 
sound trwtrigmr'ft* 

•• 

I'D vjp'u CCA >tin%cm 
MO VAC 


VaOVTUH Up tSJODIO 
jn» fWbtaJJk A*.t'Ad*o 
uses any type n'nuie 
Runs on 3 to 9 V lypfTM 


l ii as adiM sensitive 
mate preamp siege 


SIRIN 

Produce* up«Ard ATM) 
(VwtmArArdnAri SR 
p» 4 h Audio output *um. 
Wi > ft vcfls irtrtMi 
oftmspr a*r* 


SEIUEH Vl_-> 

A super sensitive ampti 
tie* *ixneiBp<»upj 
pm drop At ft tarr Great 
U>* monitor ingPADis 
foams* as general put 
pose ampi.l** fu»l.“A 
• ms output lumunfclo 
ft etuis usesAAbonm 
speak t* 

ns,., $ 5.95 


WN/TIME BASE 

Rum on S ftVtXC 
Lon ti/rem(2Smx 


•iiiw S 5.50 
!M*». S 9.95 




rill RHONE 
TRANSMil IIR 

lonkfost wnt'rp'Olrs 
wo*ulpe*tt«mAfKe Ft A 
»nr«.tx»wv settprxme 
•dtpowrn! tunAWe 
*rom 76 to no ||H/ 
t>0ij»ity Ant-sens-tryt 
compAti s*/e * * • 
easily mtlAtrs Anytenere 
on tn» pnone tme o* 
mSKte me intliumrnl 
4>*tt 

n» i«ut 

$ 14.95 


EM RECEIVER 

Ftf twin •" App«*tA1*ons 

o* hottOy *tp»»tm«niA 
Iron ft.i tiedoettsuper 
fteirodyn* rrceiyerf 
microvolt sensitivity 

UMH/ tf integrated 
baud deletin' S0m» 
Audio Ampulre* 9 V 
fkttmAl pome* looiie 
oprr«t«n on stand*' a 
»M broadcast bam) *s 
«eit as targe portions on 
•acnsid* cumpaOiC 
SduJtri fo- twe detyr 
IKK* or reception 

FR * KIT $ 14.95 


Asupr t'itjhpeitnima'ifr 

FWyWetessm.hfM' 

Ii Aff.mit. j stjlP* signal 
Upbi 300yAlps wnfh 
rarmficnjl amJro QUJUIr 
by meAnsot its built m 
etact'*lm>hk mi 'It ruOet 
last n, ky on <i*ts*iK-n 
AnteiwtA tufte'v And 
supe* msl'ucltons Ihrtrt 
ttte t.iwst unit Ak ait Able 

.»... S 14.95 

FllW<ied and lested 

19.95 


RAMSEY OSCILLOSCOPES 


RAMSEY ELECTRONICS 


QUALITY TEST GEAR 
YOU CAN COUNT ON 









































































































27th ANNUAL 

TROPICAL HAMBOREE 

ARRL FLORIDA STATE CONVENTION 
FEBRUARY 7-8,1987 

DADE COUNTY YOUTH FAIR GROUNDS 

Tamiami Park. 10901 S.W. 24 Street (Coral Way) Miami, Florida 



FREE PARKING 15,000 VEHICLES 

1,000 INDOOR SWAP TABLES W/POWER 

LICENSE EXAMS 

PACKET RADIO PROGRAMS 

TECH TALKS 

TRAFFIC HANDLERS BREAKFAST 
WOUFF HONG INITIATION 


300 CAMPSITES WITH FULL HOOKUPS 
200 COMMERCIAL EXHIBIT BOOTHS 
DX FORUM & DINNER 
COMPUTERS & SOFTWARE 
RCA FLORIDA SECTION LUNCHEON 
HAMBOREE DEALER SPECIALS 
ACTIVITIES FOR NON-HAMS 


Registration; $5.00 Advance . . . $6.00 Door. Valid both days. (Advance deadline Jan. 30th) 
Swap Tables. 2 days: $16.00 each. Includes power. 

All swap table holders must have registration ticket. 

Campsites: $10.00 per day, includes water, power, sanitary hook-ups, showers. 

(All RV vehicles, tent campers, vans, trailers welcome — no ground tents please.) 
Headquarters Hotel: Ramada Hotel. Airport. 3941 N.W. 22nd Street 
Special Hamboree Rates: $45.00 Single, Double, Triple or Quad 
Reservation forms available through Dade Radio Club December 1st. 

Make checks for Registration, Swap Tables & campsites payable to: 
DADE RADIO CLUB, P.O. BOX 350045, MIAMI, FL. 33135 


Exhibit Booth 
Information: 

Evelyn D. Gauzens. 
W4WYR, Chairman 
2780 N.W. 3rd St. 
Miami, FL 33125 
Telephone: 
(305)642-4139 

4 Page Brochure 
Available... 
December 1st 


-FULL BREAK-IN- 

WITH ANY AMPLIFIER 


IF YOU OWN A *" 
QSK TRANSCEIVER 



Don't be limited to 
low power operation with your 
expensive full break-in transceiver. You can run high 
power QSK CW and high power AMTOR. 

The DEO QSK 1500 is designed using the latest in solid 
state switching technology and will give you full break-in 
operation with any one of the currently available com 
mercial amplifiers, homebrew too' Pm diodes provide 
ultra high speed, noiseless switching All you need to 
do is connect two RF cables and two control cables 
turn it on and you are ready to go. up to 1500 watts 
at 1.5-1 VSWR Fully automatic bandswitching. 1 8 
30 MHz and mode selection, either CW or SSB. no 
cables to change The QSK 1500 eliminates amplifier 
damage due to "hot switching" and gives you full 
receiver performance with an insertion loss less than 
7 dB. typically 2 dB For More Into Send QSL 

90 day limited warranty $299.00 

□ V" " '' V ' \ iBpnRIk Ptease afld S6 for shipping and handling 

J ( I (US only Foreign FOB Groveport ) 

_ j 1 i )j CJM your order in today 

□ EBIGrj ELECTRONICS OHIO (674) 836-3929 

4925 S. HAMILTON RD GROVEPORT. OHIO 43125 




l RAOlOAMAUUA* 



A magazine dedicated to quality and sportsmanship in 
amateur radio operating. Fresh, timely, practical and down to 
earth reading for little pistols and big guns. Written by world's 
best in their fields. 

Includes OX News, QSL Info, 160 m, DXpeditioning, 
Propagation, Awards, contest rules and results, Traffic- 
Emergency, FCC News, New Products, Antennas, technical 
articles, equipment reviews and modifications, computer 
programs, Radio Funnies, Club Life, YL, RTTY, VHF/UHF, Mail 
Room, Classified Ads and much more in a magazine format 
with the speed of a bulletin. 

RADI0SP0RTING sponsors OX Century Award, Contest 
Hall of Fame, World Contest Championship and World Radio 
Championship contest. 

"Your publication is superb! Keep it up!" 

Joe Reisert, W1JR 

"Your W2PV articles are priceless. Your magazine is super!" 

Rush Drake, W7RM 

"Let me congratulate you on a very impressive magazine. Jlch 
uhal I've been looking for as a DXer and Contester!" 

Dick Moen, N7R0 

"RADIOSPORTING, once received, cannot be tossed aside until 
it is read from cover to cover. Then reviewed again and again." 

^ i 4 g Chas Browning, W4PKA 

Subscription rates; 1 year USA $13, Canada CDNS24, Overseas 
US$21; 2 years $33, $44, $39 respectively. Single issue $2. 

TRY USI SUBSCRIBE OR SEND SI FOR YOUR SAMPLE COPY. 

RADIOSPORTING Magazine 
PO Box 282, Pine Brook, NJ 07058. USA 













DX FORECASTER 

earth stonehocker, koryw 


more on winter 
anomalous absorption 

December 1984's DX Forecaster 

discussed the wintertime increased ab¬ 
sorption anomaly that results in peri¬ 
ods of weak signals, each lasting a few 
days. Recent research has produced a 
more detailed explanation of its cause 
and effects, as well as a method of 
prediction. 

The cause is not simple, but basical¬ 
ly involves the arrival of particles into 
the polar regions during a geomagnetic 
disturbance. Their arrival triggers a ser¬ 
ies of events: the particles ionize nitric 
oxide (NO) and molecular oxygen (0 2 ) 
in the auroral zone's (60- to 70-degree 
latitude) D and E regions, causing 
auroral absorption there and electron 
depletion in these regions for about 
three days of disturbance. 

About two to four days later, the 
heat buildup from the process pro¬ 
duces stratospheric winds that blow 
the neutral NO and heat to the west 
(in the northern hemisphere) and to 
lower latitudes (e.g., 40 degrees). As 
a result, the NO ionizes in the D region 
signal absorption areas (1000 to 2000 
km in diameter) and spreading, affect¬ 
ing mid-latitude east-west DX propa¬ 
gation paths for the following five to 
six days. 

The absorption develops in two 
areas on opposite sides of the earth. 
The areas in between experience low¬ 
er than normal winter absorption. This 
results in the earth's division into four 
alternating longitudinal bands: one 
quarter of the earth's longitudes ex¬ 
periences above-average signal 
strengths; a second quarter, signal 


strengths below average; the third, 
above-average signal strengths, and 
the fourth, signal strengths below 
average. This pattern moves about 30 
degrees — the equivalent of two time 
zones — per day. This same pattern 
appears five to six days later in the low¬ 
er latitudes (e.g., 40 degrees). How¬ 
ever, it does not coincide with the 
previously described trough condition. 
The amount of absorption is generally 
20 dB, but can be as high as 40 dB for 
several hours during a day. 

From the above discussion, a proce¬ 
dure for forecasting becomes appar¬ 
ent. Geophysical scientists call the 
warm stratosphere accompanying the 
anomalous absorption "Stratwarm." 
Station WVW announces the pres¬ 
ence (and location) of Stratwarm con¬ 
ditions at 18 minutes after the hour. 
During December and January, if a 
high-value A index is announced, 
listen for the Stratwarm location. The 
complementary Stratwarm location 
will be on the other side of the earth, 
with lower absorbing regions (deplet¬ 
ed NO) in between. 

The higher signal strengths in the 
low-absorption regions are a boon to 
DXers. A globe or polar map is useful 
in tracking these regions. Remember, 
these regions move west at a rate of 
30 degrees (longitudinally) per day. 

Anomalous absorption usually oc¬ 
curs in the months of December and 
January, with the most useful activity 
occurring after January 15. 

(ast-minute forecast 

The higher frequency bands are ex¬ 
pected to be best during the third and 


fourth weeks of the month, when the 
probability of a solar flux increase is 
highest. The resulting increase in 
MUFs may be up to 10 degrees above 
the mid-latitude mid-day median value 
of 16 MHz. Look for transequatorial 
openings at that time as well as around 
December 5 and New Year's Day, 
when geomagnetic disturbances are 
expected. 

The first, second, and fifth weeks 
are forecast to have lower solar flux 
and consequently lower activity. There¬ 
fore the lower frequency bands should 
be excellent then. Disturbances, of 
course, can provide DX signals from 
some unusual locations from late in the 
day to early the next morning — i.e., 
10 pm to 4 am local time. 

The Geminids meteor shower, 
which will peak on December 13-14, 
will provide the richest and most relia¬ 
ble display of the year, with rates of 
60 to 70 per hour. Because optical ob¬ 
servations may be difficult or impossi¬ 
ble during periods of poor weather in 
December, actual numbers must be 
determined by radio reception. A 
smaller version of the shower will be 
noted on December 22. Lunar perigee 
will occur on the 2nd and 30th of De¬ 
cember and a full moon on December 
24th. Winter solstice occurs on De¬ 
cember 22nd at 0402 UT. 

band-by-band summary 

Ten, twelve, and fifteen meters, the 
day-only DX bands, will be open from 
morning to early evening almost every 
day, and to most areas of the world. 
The openings on the higher of these 
bands will be shorter, occur closer to 
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2414 COLLEGE DR., COSTA MESA, CA 92626 
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_-• „ 1987 

|T^ ^ 4 . Ham Radio 

I i i .>1 Photo Wall 

g Calendar 

Your daily 
reminder of 
radio events... 
Great for home, 
office, shack, 
or as a gift! 

- Now, a calendar 

for radio hams! Operating events, times 
radio history dates, plus 10 pages of ref¬ 
erence data. B/w photo for each month 
shows excitement of ham radio to all! 
Calendar is 11x17” (unfolded) and spiral 
bound to hang flat. Allow 2 weeks ARO 

Send S9.95(U.S.,VE, XE) S 14.00 for DX 
Write for discounts starting quantity of 5 
KBIT Box 1015-H Amherst, NH 03031 

Solid Brass 

MORSE KEY KIT 

1 v.fi -® 

, - Te . 


• PrcciS"”i engineered and labncHted by R A Keni 
lEnqmeers) England 

• Radiate bnannqs tor smooth trouble tree 
perlmmance 

. Solid silver 1 ontacts 

• Machined hardwood weighted base with non slip 

leet 

• Easy assembly 

Exclusive US Distributor 

Total Electronic Concepts |TEC| 

Post OUice Box H 400 Lincoln MA 01773 
*617) 259-0125 

lutrnrtiictorv P"i'e KIT S4995 
ASSEMBLED 9fi 

plus $500 postiqe and handling Massachusetts residents add 5° 
Ti« 

Please lend SASi lor further information ** 145 


AUTHORIZED KENWOOD 
l-COM RADIO DEALER 

/ftENWOOD/ J 

\\ 'o f O ICOM f J > // 

\\iA / ^ 1 

J 4w 


H L HE AS If R INC 203 Etuckliannori Pike Clarksburg. W 
Va ?630t Clarksburg Phone (304) 6?4 5485 or W Va loll 
Free 1 800 352 3177 

HAROLD HE ASTER KA80HX 91 Ridgefield Place Ormond 
Beach El 32074 Honda Phone (904) 673 4066 

NEW NATION WIDE TOU FREE TELEPHONE l 800-84-RADIO 
1 800-84-72348 

Can us lor 1 quotation. Wf Will SAVE YOU MONEY* 


s 


Want More 

Selectivity 

for ICOM. Kenwood 
& Yaesu Radios 


Think 

8-Pole Crystal Filters 

Ihmk 

International Radio Inc. 

We can install any of our filters in 
your radio in 3 working days!" 


Why our inters are the very best 


A 2 year replacement warranty to the original owner 
B Our filters oiler trie* lowest leakage characteristics 
because 

1 We install the coupling capacitors inside the tiller wfieie (hey 
belong 

7 Our 930/940 CW litters are soldered onto glass PC boards 
3 Our 440/830/930/940 and nnw nor 430 SSfl filters are drop 
m no need lor coa* 

C Our Kenwood 9307940/830/530 and 130 tillers 
have 600i.'/15p/ m/out impedance Ask the 
competitors what their's is 1 

We oiler a complete *■ Kironics tab and technical asvMance 
I? vou ever need help 

Buy the 

“Very Best Filters,” 

Buy 

“International Radio, Inc.” 

Send a SASE |39CI lw Our her catalog 147 

International Radio, Inc. 

747 South Macedo Blvd Pori St Lucie TL 33452 
Phone (305)879-6868 

icom/Kenwood/Yaesu Newsletters- currently renewing lor 1987 
t he response is over whelming' Be a part ol Hie world' s largest in 
formation sources lor amateur radio equ<mienj Subscribe Now 1 


This publication is 
available in microform 
from University 
d^Microfilms 
International. 



Plena** s*»nd iriftirrmtliiin hEmiuI Iheae lilies 


Name 

Company Institution 


Cull toll-free 800-521 3044 In Michigan 
Alaska and Ihaw.ill call rallrrt il3-7bl-4700 Or 
mail inquiry «*» University Mm rofdms Irdurnalional. 
300 North Ztwb K<»h<I. A/ui Arlwr. Ml 48106 
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DX on 16 0, 80 and Otfi 
40 meters with your own OC' 

Alpha Delta’s new DX-A 
Twin Sloper Antenna com¬ 
bines the tremendous power 
of the quarter wave sloper 
with the wide bandwidth of a 
half wave dipole. Easy to in¬ 
stall, simple to tune. 


160 and 40 m leg approx 55’ long 80 
meier leg 67 long Installs just like an 
inverted V Fed with single 50!! teedline 
Current lobe up high for maximum radi¬ 
ation. Can be installed between 25 and 
40 feet 

Broad band performance Although 
bandwidth is determined by your instal¬ 
lation. lests have shown 85 kHz on 160 
m. 200 kHz on 80 m. and lull coverage 
of 40 m Tuner usually not required 
No lossy traps A single "ISO-RES." 
isolator/resonator coil is used to tune 40 
and 160 meters 
Rated at t.5 KW output 
Quality hardware and UV protected coil. 
Stainless steel ensures excellent all 
weather performance 


ready to install 

Available from your local Alpha Dealer or 
add $4.00 shipping and handling. (USA only) 

Ml A T>£ ITA COM*UKKAT>0*S. INC 


P0 Boi 571. Centerville Ohio 45459 AA 

(513) 435 4772 Order line-(513) 376 4180 Tech Into (antennas only) 

current solution* to current problem* ^ 


local noon, and provide paths mainly 
to the southern hemisphere, with a 
possibility of transequatorial openings. 

Twenty, thirty, and forty meters axe 
both day and night bands. Twenty will 
be the maximum usable band for DX 
in the northern directions these days 
during the daytime. Throughout the 
night, it will team up with 30 meters. 
Forty meters will become the main 
over-the-pole DX daytime band, with 
some hours covered by 30. This path 
may be affected by anomalous absorp¬ 
tion during a few days of the month. 

Eighty and one-sixty meters, the 
night-only DX bands, will exhibit short- 
skip propagation during daylight 
hours, then lengthen for DX at dusk. 
These bands follow the darkness path, 
opening to the east just before local 
sunset, swinging more to the north- 
south near midnight, and ending up in 
the Pacific areas during the hour or so 
before dawn. Eighty is the maximum 



Nome 


Address 


usable band for some night hours now 
during the sunspot minimum period; 
consequently, signal strength and sig¬ 
nal quality can be expected to im¬ 
prove. Remember the DX windows of 
3790 3800, 1825 1830, and 1850 1855 
kHz. 

ham radio 


More pages, more products-and if s 
hot o tl the press! Get the new 1986/7 
DICK SMITH ELECTRONICS Catalog 
and find anything for the electronics 
enthusiast The data section alone 
is worth the price of admission Send 
for your copy today 


Please reserve my copy of the 1986 Dick Smith 
Catalog I enclose $1 to cover shipping 


OK* SMI1H ELECTRONICS INC Y 

PO 8 O 1 ?749 D«*dwood CUVCA 94063 > 

EVERYTHING FOB THE ELECTRONICS ENTHUSIAST! 


MOVING? 

KEEP HAM RADIO COMING.. 


If possible let us know four to six weeks 
before you move and we will make sure 
your HAM RADIO Magazine arrives on 
schedule Just remove the mailing label 
from this magazine and atfix below 
Then complete your new address (or any 
other corrections) in the space provided 
and we ll take care of the rest 

ham ,. 

flirt Allow 4-6 weeks lor 

f *J*JI*J correction 

Magazine 

Greenville NH 03048 

Thanks for helping us to serve you better. 

i—\ r~~ 


AFFIX 


LABEL 


HERE 


TUBES—2,000 TYPES 
DISCOUNT PRICES! 

New 20-pg wholesale catalog for the radio 
collector/hobbyist Antique, hard-to-tind and 
modern tubes Also transformers, capacitors 
and parts for tube equipment, and books, etc 

Antique Electronic Supply 

688 W First Street 
Tempe AZ 85281 
602/894-9503 


143 


104 G3 December 1986 










SMART PATCH 


SANTEC 

ST Z?7 \JP 


Electronic Repair Center 

Servicing 

Amateur Commercial Radio 

The most complete repair facility on 
the East Coast. 

Large parts inventory and factory 
authorized warranty service for 
Kenwood, Icom and Yaesu. 

SEND US YOUR PROBLEMS 

Servicing “Hams" (or 30 years, no rig 
loo old or new lor us. 


4033 Brownsville Road 
Trevose, Pa. 19047 

215 - 357-1400 


r Ml> WOMIOWIDI _ ^ 

Barru Electronics Corp. 

# WORLD WIDE AMATEUR RADIO SINCE 1050 I 

» oouroo for oil Radio Equipment! 


For the best buys in town call 

212-925-7000 

Los Precios Mas Ba|os an 
Nucvn York 


KITTY SAYS WF ARF NOW OPEN 7 DAYS A WFEK 

Saturday & Sunday 10 to 5 P M 

Monday Friday 9 to 6 30 PM Thurs to 8 PM 
Com* to Barry \ lot lh* trrsl buys in town 


ONV Satety 
belts in stock 


n icom 


Santa Kitty says. 
"Seasons Greetings to All" 

Antvnnat 

KENWOOD 


c l»:iA 7SIA 74* /8A/»* «AA R 7000 
l?7»A .'TIA/H 3/OOA47WVX 73$ Micro 2 




tbAAOS'AT P SOOO R2000 TS940&AT 
TM ?0!B TR2t> i6O0* TM25/0A S0A 30A 
TR 7*1 A Konwotrd S «'••< * Rxp* « 

TH21fJ1»41AT TM21TA 
4ttA A TS 'I'AHMA 

TM .1VJCA 

COMPu Fiat I rwowsnias 


»T 7C70X rr «MO »T 7S7QX fROMO j 
rr v* roGwur n ;*c v-on* r» z’aonx 
YAESU f COM 

v . 

b WR.-»«-07AT w ..k. •*..»- 

. u * 


TmimrnA 


PRIVATE PATCH III tn ttoch 

HuctanckANI Product* 


FLUKE 77 Multimeter 


VoConvMirage Daiwa 
Tokyo Hy Power 

Amplifier* & 

S 8* MT Cam 
Antennas IN STOCK 

L* 


Almco 

Amplifier* 


AMFRlTRON AMPLIFIER AUTHORIZED DEALER 


Nye MBV A 

3 Kilowatt Tuner 


48 Watts S88 

UrCROUX* ART t A* Dak 
SWL Mo>fteCoech 
KANTRONICS 

UTU KAM UTIJ *T 
kPC ?400 Packet Comm II 


Computer Interlaces 
stocked MFJ 1224 
AEA CP t PK 80 OR DX 
PK 64A.PK 64. Dt OSO 
PK 232 PM 1 


Yaesu FTR 2410 Wilson 
ICOM 1C RP 3010 1440 MMzi 
ICOM 1C RP T210H 2GH/I 

ALPHA AMPLIFIERS 


AEA 144 MHz 
AEA 220 MHz 
AEA 440 MHz 
ANUNNAS 


E IM AC 

^ J sooz 

L 5/2B 6JS6C 

U 12BV7A& 

^ 4 400A 
f BIRO 
Watlmeteis 4^ 
F lements 
In Stock 


Complete Butternut Antenna 
Inventory in Stock 1 


MIRAOE AMPLIFIERS 
AST RON POWER SUPPLIES 
SditOn Wire * Cable 


Ten-Tec Tuner 229A 


| MFJ Modal* 

422. 313 909B A 9410 I 


SANGLAN Portable Snort ware Radio* 

——— -i HEIL 

| EQUIPMENT 
IN STOCK 


"r r ypurri 1 * I.V. .• ’jf; 

' 1 r r I i 

Nea. TEN TEC 

Cor*a«« n ArQoay II Century 73 JS10 NX-3?* 


MAIL ALL ORDERS TO BARRY ELECTRONICS CORP . 512 BROADWAY NEW YORK CITY NY 10012 


I Uau. Vnrb ntuia LARGEST STOCKING MAM OEALER 
I n,w ' orR Aeliy V COMPLETE REPAIR LAB ON PREMISES 


"Aqul So Habla Expand" 

HAMM. INTERNATIONAL TELE* ’2 fb?U 
MERCHANOISF TAKEN ON CONSIGNMENT 
FOR TO 9 PfUCES 

*»-u, r* . m trru I'avu. ■ »ev 
- «• u. * > .'•«•. • • *u - *.»¥ *■»* ►•••--j- 

AUTHORISEO DlSTS MCKAY DvMt K FO« 
SmOR t WA.( ANTENNAS kRFCElVFRS 

IPT-LE* Spring SI $lal*or» 

Subways BMT Pnnct St St a Iron 

INU f Tram H*■ Station 
Bus Broadway *6 to Spring St 

rith-ttMt *lh Am Slalrun 


WaStK* AEA ARPl Arpiw* Amnco Antenna Spec>aii*iii A*ut«c Aatror- 
HA a OfcW Bench*- Bed Bullamut COE CES Coiwi* (Ujmmun.cal«n* 

- y tpe.- 1 nnwtie* Coven-4*- r a*hera« n.i-wa Deni-on l>»m*. inane 

'• 

„ "... , Qi u,..n ki W Ajntron<* l a*van MCM (Oanaai Mr j I YV MJIrH Mu. 

Produii* M-ag® rzeatroo.c* hr* Va-ng Pak«mjr PT Proilucta «ado 
1 r 1 " Amaieu'Ca«u>o* fVxk**u Collet Samoa Shu-r Tate* Tempo Ten T»< 

A toarD H » Tr«my> lUBES W?Aii W*b*' W-iwon Vaew and 

•' Comte*-i *i HMva V.w YibiopTa. Cud.* TnEt Wacnm r>utite»a<« 

Ftapaarm* P*iWp» Ogog» »anon intercom* Snnnm Cryitait Rado 
PuMicaioe* • 

-J art NOWklOCaCOMMfUCUU. COWMUMCATIOMSSVYtlMk 

*■ erv'TIb e»«m«f •>, *cai*> nnnf u A M *H NHlAtlO 

COMMCRCIAL AAOlOt alockad A aarvlu4 on pramlaaa 

Amateur Radio Courses Given On Our Premises. Call sales 

Eiport Ordara Shipped immediately TSLCX 1 2 7070 ' FINAL 


Barry Electronics Commercial Radio Depl offers Ihe Besl in Iwo-way communications for Busi¬ 
nesses. Municipalities. Civil Defense. Broadcasting Companies. Hospitals, etc Sales and Service 
lor all brands; Maxon, Yaesu. Icon, Tad. Octagon, Regency/Wilson, Midland. Standard Umden, 
Shinway. Fujilus, Seas. Spillsbury. Neulec, etc Call or write tor information 212-925-7000 


MICROWAVE MODULES Ltd. 


LIVERPOOL ENOLANO 


LINEAR TRANSVERTERS 

SS8—CW AM-FM 
MMT 50/28-S SO MH/ 20 Walts 
MMT 50/144 SO MH/ 20 Watts 
MMT 144/28 144 MH/ 10 Watts 
MMT 144/28-R 144 MH/ GaAsFET 2b Walts 
MMT 220/26-S 220 MH/ IS Walts 
MMT 432/28-S 43? 435 MH/ 10 Watts 
MMT 1296/144 G 1296 MH/ GaAsFET 2 W 
MMT 1268/144 OSCAR Mode L 2 Watt umit 
CONVERTERS 

MMC 144/28 HP 2 m GaAsFET 
MMC 432/28-S 70 cm Down to 10 m 
MMK 1296/144 23 cm Down to 2 m 

cai< »o« (<r«ioc amo otcee >r*rrw\ 

rarer* iotJH • to CHanoi wirnour miwahi i euri 

»<»a »»vrr»ci«o AC" 


POWER AMPLIFIERS 


PX PRICE 

$342 00 
342 00 
186 00 
342 00 
242 00 
28S00 
362 00 
278 00 


PREAMPLIFIER BUILT IN PX PRICE 

MML 144/30 LS 144 MH/ 30 Wails HI AMP $129 00 
MML 144/100 LS 144 MH/ 100 Wall HT AMP 242 00 
MML 144/200-S 144 MHz 200 Wall GaAsFET 429 00 
MML 432/30-1 432 MH/ 30 Wall HT AMP 232 00 
MML 432/T00 432 MH/ 100 Wall ATV/SSB/FM 429 00 
MML 432/50 43? MH/ SO Watt / 10 Wall in 219 00 
MML 1296/15 1296 MH/ 15 Watts CALL 

PREAMPLIFIERS GaAsFET 

MMG 144V .? m RF Switched 65 00 

MMG 1296 23 cm 111 00 


MMC 435/600 /0 cm Block Convener 
MTV 435 20 Wail 70 cm xmtr 


CONVERTERS 
PREAMPLIFIERS 
A TV - OSCAR 


THE ' PX" SHACK 


CALLING HOURS 
11 AM — 3 PM order* 

6 PM - 10 PM techmcai 


33 cm. • 23 cm. • 13 cm. 


LOOP YAGIS AND AMPLIFIERS FROM 

DOWN EAST MICROWAVE 

. TR0P0 • WEAK SIGNAL 

. LME • OSCAR MODE L A MODE S 

• 902 • i2w • im • raw *2400 mhi 

2345LY 45 el loop Vagi 1296 MM; 20. UBi S93 

2445LY 45 Cl k»P Yjg, 1269 MIL’ 20* <16. $93 

I345LY 45 el loop Yagi 2304 MM,- 20* d8i $80 

1333LY 33 el loop Yagi 902 MMr 18 5 dBi $93 

above anlennas are assembled and tested 
All aluminum and stainless construction Kils also available 
Add $8 ($11 west ol Rockies) per antenna lor UPS shipping 
2 & 4 way power dividers, complete arrays available 
2316 PA linear Amp Iw in I8w out 1296 MH/ 13 5 V $?45 
2335 PA lineai Amp lOw in 36w oul 1296 MH/ 13 5 V $295 
mdude $S lor UPS Blue 48 slates 
Write about Transverters and GaAs Fel preamps 
Free catalog 

DOWN EAST MICROWAVE 

BiH Olson W3H01 

j— Bui I65SA. RED 1. Burnbam. ME 04922 
(207) 040 3741 ^ 139 


AMATEUR RADIO MAIL LISTS 

Sell-slick 1x3 labels 

*•* NEWLY LICENCED HAMS *** 
*** ALL NEW UPGRADES •** 
*** UPDATED EACH WEEK *** 

Total List = 462.728 (ZIP sorted) 
Price is 2.5 cents each (4-up Cheshire) 

BUCKMASTER PUBLISHING 
Mineral, Virginia 23117 
703:894-5777 
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THE MULTIPLE RECEIVER SOLUTION 



4 Channel Signal to-Noise Voler 

• l *twndaWc to 3? Channel by Just Adding Card 

• Continuous Voting 

• Lf 0 indicators ot COR and Voted Signals 

• Built iri Calibrator 

• Remote Voted Indicators Pinned Out 

• 4'v i 6 Double Sided UoW Plated 44 Pin Card 

• Remote Disable Inputs 

• MORf 

Built, tesled and calibrated with manual 

$350.00 

NEW PRODUCE 

Telephone interlace now available 
Far mare information call or write 

HALL ELECTRONICS 

Voter Department 
815 E Hudson Street 
Colymbus. Ohio 43211 
(614)261-8871 


SPECIALISTS 

IN FAST TURN 

P.C. BOARDS 


PROTO TYPE P.C. BOARDS 

AS LOW AS $25.00 

• SINGLE & DOUBLE SIDED 

• PLATE THROUGH HOLES 

• TEFLON AVAILABLE 

• P.C. DESIGN SERVICES 

.. .innr > k r r'yt nil 4 Tl ht 138 



FOR MORE IN FORMA TION ' 

/Midland 

Technologies 






Falcon 

COMMUNICATIONS 



34374 EAST FRONTAGE ROAD 
BOZEMAN. MT59715 (406)586-1190 


Falcon Communications, Well Known for MOSFET Repeater Power Amplifiers, 
Also Makes A Hard Working Line Of Bipolar Power Amplifiers For Mobile Use. 
For Information On Our Complete Line See Your Local Dealer Or Call Factory Direct 

P.O.Box 8979 • Newport Beach, CA 92658 • (714)760-3622 
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High-frequency dummy load (HN) 
W1KWE p. 64, Jun 84 

IC2AT, carrying case for (HN) 

W6XM p. 62, Aug 83 

Inductance equation, a different 
approach (HN) 

K4KU p.116, Dec 84 

Junk-box ingenuity; how to buy, use, 
and recycle surplus electronic parts 
WB4EHS p. 32, Aug 84 

Make a homebrew sheet metal brake for 
chassis construction projects 
WB6BIH p. 43, Jun 86 

Metal cleaning with dip-type cleaners 
(HN) 

W5XW p. 82, Jan 82 

Comment, K6VPD p. 8, Jun 82 

Microstrip impedance program 
K8UR p. 84, Dec 84 

Passive audio filter design, part r. 
development and analysis 
Niewiadomski. S. p. 17, Sep 85 

Polymer film transforms mechanical 
energy to electrical energy 
WA4KFZ p. 55, Dec 84 

Power FETs: trend for VHF amplifiers 
Peters, Daniel and W7PUA 

p. 12, Jan 84 

Practically speaking: Keep it cool 
K4IPV p. 75, Apr 86 

Practically speaing: parts sources 
K4IPV p. 78, Nov 86 

Printed circuit layout and drilling 
template 

WA4WDL p. 73, Jul 82 

Quick fix for soldering irons (HN) 

W2YW p. 62, Apr 84 

Reflected power limiter 
K4KI p. 63, Jul 84 

RF filters, Build narrowband 
WB4EHS p. 10, Mar 86 

Short circuit p. 36, Jun 86 

Set screws, taming (HN) 

W5PGG p. 64, Mar 82 

Silk screen techniques, make your 
own board using 

W3QOM p. 83. Nov 84 

Silverplating, safe, sensible 
K9EYY p. 29, 

Solar power for your ham station 
NH6N p. 14, 

Superhet coilset, design with 
a microcomputer 
Sterrenburg, F A S. p. 113, 

The Guerri report: pc boards 
W6MGI p. 109, 

Turns per inch from wire size (Hf 
K8UR p. 97, 

Universal analog breadboard, A 
Gruchella, Michael p. 85 
ZX-81/TS — 1000 controller: new 
old computers 

N9NB p. 31, 


DIGITAL 
TECHNIQUES 

Amateur FSK: A spectral analysis 
WA6NCX p. 42. Dec 86 

AMTOR, AX.25, and HERMES: a 
performance analysis of three systems 
W9JD p. 63, Dec 85 

Comments. G3PLX p. 9, May 86 

Annuciator bell for the Kantronics 
K1ZJH p. 22, Aug 86 

Audio filter design, computer-aided 
KE2J p. 15, Oct 85 

Commodore 64, $100 printer (HN) 

W2QLI p. 86, Aug 85 

Computer control of ICOM R-71, 271. 
471, and 751 radios 
NG6Q p. 47, Apr 86 

Digital can do more. Comments 
KA4JFO p. 9, Mar 86 

Digital clock, build a fail-safe 
K1MC p 54, Oct 85 

Digital frequency readoul using ihe 
Commodore 64 

VV3NNL p. 83. Nov 85 

Digital HF radio: a sampling of 
techniques 

KA2WEU/DJ2LR p 19, Apr 85 

Short circuit p. 121, May 85 

Digital techniques: inside a phase- 
frequency detector 

Anderson, Leonard H p. 28, Sep 82 


Digital techniques: shocking truths about 
semiconductors 

Anderson, Leonard H. p. 36. Oct 82 
DTMF controller for repeaters 
WB4FXD p. 47, Sep 85 

Get on SSTV-with the C-64 
I2CAB and I2AED, edited by K9EI 

p. 43, Oct 86 

HP-IL serial loop 

Martin. Vaughn D. p. 101. Apr 84 
Making waves 

W6HDM p 44, Mar 82 

Packet radio: pari 1 
KV7D. KV7B p 14, Jul 83 

Packet radio: part 2 
KV7D, KV7B, WA7GXD p. 18, Aug 83 
Packet radio and area networking 
WB3JZO p 38, Dec 84 

Packet radio, automatic frequency and 
deviation tester 

WB20SZ p. 41, Dec 85 

Packet radio primer 
WAtFHB p. 30, Dec 85 

Packet radio: the software approach 
W4UCH p. 63, Sep 84 

Packet radio TNC for the IBM PC 
VE3LNY p. 10, Aug 86 

PL tone generator, a programmable 
WB0VSZ p. 51, Apr 84 

Short circuit p. 125, May 84 

RTTY reader, interrupt-driven 

KN4L p 72, Sep 84 

Run RTTY on your Timex 

NU4V p. 110, Apr 85 

Run RTTY on your VIC-20 
W5TRS p. 120, Apr 85 

Satellite tracker, digitally-controlled 
KA80BL p. 102, Sep 85 

Smith Chart impedance matching 
on your Commodore 64 
WA9GFR p. 120, Oct 84 

Software piracy (letter} 

Forsyth, Mike p. 8, Sep 84 

Spread spectrum and digital communica¬ 
tion techniques: a primer 
N9NB p. 13, Dec 85 

Synthesizers. VHF and UHF, design of 
digital components 


Ham radio techniques 
W6SAI p. 41, Sep 83 

Ham radio techniques 
W6SAI p. 64, Oct 83 

Interview with Dr. Kenneth Davies 
K2RR p. 28, Jan 83 

Q signals (letter) 

W4MB p 8. Feb 83 

FM AND 
REPEATERS 

Autopatch, simplex 

WB6GTM p 42, Jan 83 

DTMF controller for repeaters 
WB4FXD p. 47, Sep 85 

FM advantage 

WA9GDZ/6 p 38, Sep 84 

FM repeater separation — 20 kHz, Yes, 
15 kHz, No 

WD5IBS, WflNK p. 12, Aug 85 

Forget memory, Ni-Cd discussion 
K0OV p. 62, Jan 83 

IC-255A switching circuit (HN) 

WB6IQV p 70, Jan 83 

Comments, WA4MZZ p 8, Jun 83 

Improved repeater/transmitter noise 
performance (HN) 

KlZJH p 104, Apr 86 

Linear translators 

WB6JNN p 14, Sep 83 

Microprocessor based repeater controller 
KB0CY p. 12, Mar 82 

Microprocessor repeater controller 
KB5F p 56, Apr 83 

Remote repeater programming using a 
computer and a telephone 
KD9BC p. 89, Mar 86 

Repeater antenna beam tilting 
K7NM p. 29, May 83 

Short circuit p 80, Jul 83 

Repeater etiquette (letter) 

WlOLP p 8, Oct 83 

Repeater, high-tech: designing and 
building an FM translator 
WA6CAY 


FSK tone generator using an 1C tone 
dialer (HN) 

Nagel. David p. 88, Apr 83 

Low-pass filter, integrated circuit 
WB2KTG p. 59, Jan 85 

Static electricity and modern 
integrated circuits 

K4KEF p. 33. Mar 84 

The Guerri Report: superchips come 
of age 

W6MGI p. 126, Feb 85 

The Guerri report 

W6MGI p 124. Jan 86 

The Guerri report: microchips 
W6MGI p 109. Jul 86 

TouchTone decoder, an improved 
N6JH p 24, Dec 82 

TTL ICs. simple tests for 
W6ALF p 37, Mar 82 

2716 EPROM programmer 
N3CA p. 32. Apr 82 


KEYING AND 
CONTROL 

Call sign identifier: programmable 
WB3CEH p 33, Feb 85 

Cathode key with the Heath HD-1410 
(HN) 

K9XM, N9MX p. 80, Jan 82 

Ham radio techniques 
W6SAI p. 106, Oct 84 

Keyer, simple, compact QRP 
(weekender) 

W5FG p. 82, Oct 84 

Keyer, single-chip, for QRP 
W3HVK p. 70, Oct 82 

Latching relay control (HN) 

K6HTM p. 94, May 83 

Low-power keyer and interface 
K1 HOP p. 68, Feb 83 

Short circuit p. 97, Aug 83 

Microprocessor repeater controller 
KB5F p. 56, Apr 83 

Micros and VHF beacons 


Feb 85 

G4CLF 

p. 26, Jul 82 

Repeaters, speech synthesis for 

transmit messages automatically 


The Guerri report — computer 

N9EE 

p. 79, Mar 84 

K9EI p. 51, Jul 85 

Dec 84 

technology 


Repeaters, three circuits for (HN) 

Morse Code tutor 


W6MGI 

p 54, Nov 84 

N9EE 

p 91, Jan 84 

N3SE p 45, Jun 85 


Short circuit 

p. 8, Dec 84 

Speech processor for fm transmitters 

Morse keyboard, an easier approach 

Nov 84 

The Guerri report: signal processing 

G4CLF, G3RZP 

p. 76, Mar 82 

to mastering the 


W6MGI 

p. 156, Dec 84 

Squelch, smart 


W1KZ p. 80, Apr 84 

Sep 86 

The Guerri report 


W6NRW 

p. 37, Jun 83 

Morse time synthesis 

^) 

W6MGI 

p. 124, Jan 86 

State-of-the-art auto dialer 

N3SE p. 17, Apr 83 

Dec 83 

The Guerri report 


K2MWU 

p. 21, Dec 83 

Remotely controlled stations: a look at a 


W6MGI 

p. 125, Apr 86 

Short circuit 

p 10, Feb 84 

successful remote base 

. Jun 86 

Using an RTTY terminal i 

unit with the 

Short circuit 

p 10, Mar 84 

WA6EJO p. 48, Sep 86 

use for 

Heathkit HD 4040 TNC 


Tone decoder, ultimate 


Remote control hf operation 


AA8V 

p. 59, Aug 86 

WD9EIA 

p 33, Sep 82 

K5QY p. 32, Apr 83 

Dec 86 

VIC-20 printer (HN) 


Comments, WD9EIA 

p. 8, Feb 83 

Short circuit p. 97, Aug 83 


W2QLI 

p. 88, Sep 84 

Tone burst generator for European 

Sending CW 




repeaters, A 


KA4QVK p. 75, Jun 83 




WA3EEC 

p. 88, Jul 86 

Solid-state CW T-R system 


FEATURES 
AND FICTION 


Electromagnetic jargon 
of-the-art 
N6TX 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 

Comments, W6DKZ 
Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SA1 

Ham radio techniques 
W6SAI 

Ham radio techniques 
W6SAI 


generator, state- 

p. 75, Apr 85 

p. 66, Jan 83 

p. 77, Feb 83 

p. 47. Mar 83 

p. 52, Apr 83 
p 8, Dec 83 

p. 52. May 83 

p. 46, Jun 83 

p. 42. Jul 83 

p. 40, Aug 83 


Touch-tone autodialer, portable 

K2MWU p 12, Aug 82 

Comments, K2MWU p. 8, Feb 83 
Touch-tone decoder 
KC9C p. 27, Apr 83 

ZIA connection: a multi-state 2-meter 
repeater link 

K5XY p. 30, Oct 86 

HAZARDS 

AC line transient protection 

N6JH p. 59, Apr 86 

Electric shock, the effects and 
treatment of 

NY6U p. 85, Mar 84 

Lightning and electrical transient 
protection 

KR7L p 73. Dec 83 

When hazardous waste comes home 
PCBs in the ham shack 
KA1LBO p 42. Dec 83 

INTEGRATED 

CIRCUITS 

Binary coded decimal addition (HN) 
WA9HUV p 66, Apr 82 

Comment 

Schiffler, Jeffrey L p 8, Dec 82 


W4RNL p. 62. Mar 83 

Ten-Tec 645 ultramatic keyer mods (HN) 

K4JST p. 70, Dec 82 

Testing bafuns 

K4KJ p. 30, Aug 83 

WPM readout for deluxe memory keyer 
WAlOEH p. 50, Apr 82 

MEASURE¬ 
MENTS AND 
TEST 

EQUIPMENT 

Battery charger sensor 
W3BYM p. 54, Dec 82 

BC221, unusual 

VK2ZH p 22, Jan 83 

Bridge measurements, the half-wave 
transmission line in (HN) 

K4KI p 108, Nov 84 

Capacitive-reactance meter multiplier 
(HN) 

K4KI p 89, Apr 83 

Continuity tester, simple 
WD6GMB p. 130, Sep 85 

Detailed look at probes 
Martin, and Davis p 75, Sep 85 

Detector, logarithmic, wideband 
PAOCX/DJ0SA p. 75, Jul 85 
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ICOMI KENWOOD 




IC-735 



HF Equipment 

List 

Juns 

IC-735 Gen Cvg Xcvr 

999 00 

Call S 

IC-745 Gen Cvg Xcvr 

1049 00 

Call S 

IC-751A Gen Cvg Xcvr 

1649.00 

Call S 

Receivers 



IC-R7000 ?5 i.ioo«MMi Rcvt 1099.00 

Call $ 

IC-R71A 100kHz-30 MHz Flcvr 949 00 

Call $ 

VHF 



IC-271A All Mode Base 25w 

859 00 

Call S 

IC-271H All Mode BaselOOW1099 00 

Call S 

IC-27A FM Mobile 25w 

429 00 

Call S 

IC-27H FM Mobile 45w 

459.00 

Call $ 

IC-28A FM Mobile 25w 

429 00 

Call S 

IC-28H FM Mobile 45w 

45900 

Call S 

IC-2AT FM HT 

29900 

Call $ 

IC-02AT FM HT 

399.00 

Call S 

IC-U2AT 

NEW! 

Call S 

UHF 



IC-471A All Mode Base 25W 97900 

Call $ 

IC-471H All Mode Base 75w 1339 00 

Call S 

IC-47A FM Mobile 25w 

549 00 

Call S 

IC-4AT FM HT- 

339 00 

Call S 

IC-04AT FM HT 

44900 

Call $ 

IC-3200A FM2m 70cm 25W59900 

Call $ 

220MHZ 



IC-37AFM Mobile 25w 

499 00 

Call $ 

IC-3ATFM HT 

339 00 

Call S 

Repeaters 



IC-RP3010 440 MHz 

122900 

Call S 

IC-RP1210 1 2 GHz 

147900 

Call $ 



3o 


TS-440S/AT 

HF Equipment List 

TS-940SAT Gen Cvg Xcvr 2249 95 
TS-940S Gen Cvg Xcvr 2049 95 
TS-930S/AT Gen Cvg Xcvr 1849 95 
TS-830S Xcvr 109995 

TS-530SP Xcvr 899 95 

TS-430S Gen Cvg Xcvr 819 95 
TS-440S/AT Gen Cvg Xcvr 119995 
TS-440S Gen Cvg Xcvr 104995 
Receivers 

R-5000 NEW 899 95 

R-2000150kHz-30 MHz 649 95 
TS-670 All Mode Quad 6 M 799 95 

VHF 

TS-711A All Mode Base 2S«v 899 95 
TR-751A All Mode Mobile 25*599 95 
TM 201B FM Mobile 45w 369 95 

TM 211A FM Mobile 25w 39995 
TM-2530A FM Mobile 2Sw 429 95 
TM-2550A FM Mobile 45w 46995 
TM -2570A FM Mobile 70w 559 95 
TH-21AT FM. HT 249 95 

TR-2600A FM HT 359 95 

UHF 

TS-811A All Mode Base25v» 1049 95 
TM-401B FM Mobile 25w 399 95 
TM-411A FM Mobile 25w 449 95 
TH-41ATFM. HT 259 95 

TR-3600 FM HT 369 95 

220MHZ 

TM 3530A FM220MHZ 25w 449 95 
TH-31AT FM 220 MHz HT 259 95 
TL-922A HF Amp 1499 95 


m 

•iHisao — 

i arnrir 

Iw - r-rV 

TTUm 


FT 757GX 



HF Equipment 

List 

Juns 

FT-ONE Gen Cvg Xcvr 

2859 00 

Call S 

FT-757GX Gen Cvg Xcvr 

995 00 

Call $ 

FT 767 4 Band New 

1895 00 

Call$ 

Receivers 



FRG-8800 ISOkHz-30 MHz 59995 

Call S 

FRG 9600 60 - 905 MHz 

679 95 

Call $ 

VHF 



FT 270RH FM Mobile 45w 

439 95 

Call $ 

FT-23R/TT Handheld NEW 

299 95 

Cali S 

FT 209RH FM Handheld 5w359 95 

Call S 

UHF 



FT 770RH FM Mobile 25w 

479 95 

Call S 

FT-73RTT NEW 

314 95 

CallS 

FT-709RH FM HT 4w 

359 95 

Call S 

VHF/UHF Full Duplex 



FT 726R All Mode Xcvr 

1095 95 

CallS 

6m/726 6 m Module 

26995 

Call S 

430/726 430-440MHZ 

329 95 

Call S 

440/726 440-450MHz 

329 95 

Call $ 

HF 726 I0-15-20M 

289 95 

Call S 

SU-726 Sale Duplex 

129.95 

Call S 

Dual Bander 



FT 2700RH TM?m/70tm?SW 599 95 

Call S 

220MHZ 



FT-109 RH New HT 

TBA 

Call S 

FT-690 R^ll iow ah m<xv> 569 95 

CallS 

FT-290 R/ll zmi. . .w an Mode579.95 

CallS 

Repeaters 



FTR 2410 2m Repealers 

1249 95 

Call S 

FTR 5410 70cm Repeaters 1289 95 

Call S 



THIS MONTH S SPECIAL: 
IC-3200A 
FT-209RH 

CALL US FOR SPECIAL PRICE! 


ENCOM#TE #MIRAGE# AMERITRON# 
BIRD# AMP. SUPPLY# KANTRONICS# 
AEA • ASTRON • 


•AMATEUR • TWO WAY • MARINE 
•CELLULAR MOBILE PHONE • SCANNER 
★Free U.P.S. Cash Order ★ SE HABLA ESPANOL 
(Most Items, Most Places) 


7|9H 01000.0000 3919 Sepulveda Blvd. A 

JjjWOUUO Culver City, CA 90230 J \ 


HF ANTENNAS - 
The Easy Way 

by John Haerle, WB5IIR 


This book has been published 
., as a memorial to 

WB5IIR's work as 

*5 an Amaieur Radio teacher 

.Originally given as a series ol 
speeches or papers, this tutorial is an excellent source 
book on antenna theory and applications Examples ol 
areas covered are Fundamentals, antenna and feedline 


terminology, baluns. ground systems, lightning protection. 
The Basic Antenna , the dipole, the zepp. G5RV. Windom. 
Special Antennas, the sloper. DDRR Beverage, folded 
unipole. Beams. W 8 JK. Yagi, two element quad, and the 
160 meter band story John's writing is in an easy-to- 
understand conversational style and is full ol examples 
and handy lips and hints There are no drawings or illus¬ 
trations but John's prose paints pictures for clear and 
complete understanding ot the information being 
presented 1984 1st Edition 

[ IJH-AT Sottbound $11.95 

Please add $3 50 for shipping and handling 

/3&/0_ BOOKSTORE 

GREENVILLE. NH 03048 (603) 878 144 


(603) B7B 1441 



















Diode tester (HN) 

W20LU p 90. Apr 83 

Dual wattmeter, 50-500 MHz 
WB4EHS p. 67. Jul 85 

Electrical calibration standards 
Martin, Vaughn p. 10, Oct 83 

EMI/RFI shielding: new techniques 
part 1 

Martin, Vaughn D. p. 72, Jan 84 
EMI/RFI shielding: new techniques 
part 2 

Martin, Vaughn D. p. 85, Feb 84 

Extended-range VU meter 
WB6JNN p. 59, Sep 86 

Field strength meter, sensitive 
K4KI p. 51, Jan 85 

Filter tester, simple (HN) 

W6XM p. 116, Dec 84 

Frequency counter, “smart” 

WA5VQK p. 41, Oct 84 

Short circuit p. 126, Apr 85 

Frequency and level standard 
PA0CX p. 10, Jan 86 

Comments. WA8LLY p. 9, Jun 86 
Ground rod resistance 
K4MT p. 95, Jul 84 

Comments p 8. Sep 84 

High-frequency receiver performance 
G40BU p 33, Feb 84 

HP-IB greatly simplified 
Martin. Vaughn D. p. 65, Mar 84 

IF sweep generator, compact 
PA0CX/DJ0SA p 35, Jun 85 

Impedance matching 
WB2NTQ p 85. Jul 83 

Inductance meter, easy-to-build 


W6XM p. 76, Apr 82 

Comments, WB2LAO p. 8, Sep 82 
Short circuit p. 79, Oct 82 

L and C measurements 
WB6ZLN p. 117, Oct 84 

Logic mate 

N9CZK p. 57, Jan 83 

Logic probe (HN) 

Rozenthal. J p 91. Apr 83 

Low-cost spectrum analyzer with 
Kilobuck features 

W4UCH p. 82. Sep 86 

Measuring inductances 
K6HIK p. 85, Jul 83 

Measuring noise figure 
K2BLA p. 26, Jan 84 

Measuring small values 
W6SDM p. 74, Aug 83 

Microphone calibration 

NY6U p. 73, Jun 84 

Noise bridge, precision 
K2BT p. 51, Mar 83 

Comments p 8. Jun 83 

Short circuit p. 97, Aug 83 

Ohmmeter, wide-range 
Bailey. John T. p 53, Jan 84 

Panoramic adaptor/spectrum analyzer 
design notes 

WA6NCX/1 p. 12. Sep 83 

Comments, K2CBY p. 12, Sep 83 

Short circuit p. 70, Oct 83 

PEP output power measurement 
VK3AFO p 10, Jun 83 

Comments, K4KYV p. 12, Sep 83 

Practically speaking 
K4IPV p. 79. Dec 85 

Practically speaking: using the right 
multimeter 

K4IPV p 95, Jun 86 

Practically speaking: using the 
multimeter 

K4IPV p. 43, Jul 86 

Practically speaking: using antenna 
noise bridge 

K4IPV p. 69, May 86 

QRP wattmeter (HN) 

W6XM p. 110, Jul 84 

Receiver sweep alignment system 
WB6BIH p. 124, Nov 84 

Reflected power limiter 
K4KI p. 63, Jul 84 

Required dynamic range and design 
guides for EMI/RFI test receivers 
DJ2LR p. 70. Nov 83 

Solid-state replacements 
AK7N p 46, Apr 83 

Standing wave indicator 
GW8FKB p. 97. Nov 83 

The Guerri report: signal processing 
W6MGI p. 156. Dec 84 

Time and frequency standards: part 1 
Martin, Vaughn D. 36, Nov 83 


p. 82. Sep 86 

p. 85. Jul 83 

p. 26, Jan 84 

p. 74, Aug 83 

p. 73, Jun 84 

p. 51, Mar 83 
p. 8. Jun 83 
p. 97, Aug 83 

p 53, Jan 84 


Time and frequency standards: part 2 
Martin, Vaughn D. p. 31, Dec 83 
Transmitter tuning aid: buffer your 
load with this resistive network 
(weekender) 

K4KI p 52, Feb 84 

Tune-up method, low duty-cycle 
for transmitters (HN) 

K4KI p 62, Aug 83 

Comments. W5XW p. 11. Dec 83 

Comments. K4KI p. 11. Jan 84 


Tuneup, safe, silent 
K4KI 

Two-tone generator 
N1RM 


p 123. Dec 84 


Two-tone signal generator (HN) 


p. 32. Jun 82 


K4KI 

Two-tone signal generator 
YB9ATA/WA7AQN 


p 77. Sep 82 


p 25. Feb 86 
Short circuit p 45. Apr 86 

Short circuit p. 36. Jun 86 

Using the Astro 103 as a frequency 
counter (HN) 

W4ATE p. 69. Jun 83 

VHF noise bridge, a 
OE2APM/AA3K p 10, Jul 86 

VHF/UHF world 

W1JR p 55. Oct 84 

Video monitor, inexpensive 
K8CG p 12. Apr 83 

Comments. K9TA p. 10, Aug 83 

SWR bridges 

K2L8 p. 37. Mar 86 

Weather radar, 10-GHz 
K4TWJ p 61 . Sep 83 

Wide range inductance meter 
K9EBA p. 52. Feb 83 

Wide-range RF power meter 
KA80BL p. 24. Apr 86 

Wien Bridge oscillators, voltage- 
controlled Zener diode test circuit 
W3PHK p. 52, Feb 83 

MICRO¬ 

PROCESSORS, 

COMPUTERS 

AND 

CALCULATORS 

An RS-232 to TTL interface 
WD4KGI p. 70, Nov 82 

Calculator or computer — which to buy? 

W4MB p 86, Nov 82 

Frequency counters, CMOS timing 
circuit for (HN) 

Bevel, David H. p 72, Jul 82 

Ham gear controller part 1 
N3CA p. 12, Oct 82 

Ham gear controller: part 2 
N3CA p 25. Nov 82 

Microprocessor repeater controller 

KB5F p 56, Apr 83 

MISCEL¬ 

LANEOUS 

TECHNICAL 

ALC circuits, improving amplifier: part 1 
WA8AJN p. 40, Aug 84 

ALC circuits, improving amplifier: part 2 
WA8AJN p. 38, Sep 84 

Amateur FSK: A spectral analysis 
WA6NCX p. 42, Dec 86 

Amplifier for 220 MHz, stripline kilowatt 
W2GN p. 12, Apr 82 

"Audio to microwave” amplifier, 
build your own 

Gruchalla, Michael p 12, Mar 84 

Bicycle-powered station 
WtBG P 25. Dec 84 

Branch-line hybrid: part 1 
WA2EWT p 107. Apr 84 

Branch-line hybrid part 2 
WA2EWT p 93. May 84 

Broadband amplifier-attenuator 
W7SX p 59. Jul 86 

Buying topo maps, Comments 
K3SKE p 9. Dec 86 


p. 69. Jun 83 


p. 55. Oct 84 


p. 46, Apr 83 
p. 97. Nov 83 


CATVI (letter) 

WB4NMA p. 10, Aug 83 

Communicating on 474,083 GHz (light¬ 
wave communications) 

WA6EJO p. 10, Dec 86 

Computer for the blind (HN) 

W8MQW p 69. Jun 82 

CW identifier, versatile, an improved 
memory for 

WB2BWJ p 24. Feb 82 

CW station, updating (HN) 

KM5T p. 77. Oct 82 

Data bandwidlhs compared 
W9JD/2 p. 50. Dec 82 

Comments. W6JTH p 8. Jun 83 

Decibel, defining the 
Gruchalla. M p 51, Feb 85 

Electromagnetic interference 
and Ihe digital era 

K3PUR p i 14, Sep 84 

EMI/RFI shielding: new techniques 
part 1 

Martin. Vaughn D. p. 72. Jan 84 

EMI/RFI shielding: new techniques 
part 2 

Martin. Vaughn D. p 84. Feb 84 

Filters (fetter) 

W6XM p 8. Feb 83 

Comments. W3NQW p. 8. Apr 83 

Filters, bridged 

W6MUR p. 51. Oct 82 

Filter design, graphic 
W6NRW p. 37. Apr 84 

Short circuit p 13. Jul 84 

Function Generator: circuits from your 
signal generator-part 1 
K4IPV p 67. Dec 86 

Ham radio techniques 
W6SAI P 63. May 84 

Ham radio techniques, fifty years ago 
W6SAI p 58. Jun 84 

Ham radio techniques 
W6SAI p 106 . Oct 84 

Ham radio techniques 
W6SAI p. 75, Jan 85 

Ham radio techniques 
W6SAI p. 59, Feb 85 

Ham radio techniques 
W6SAI p 83, Mar 85 

Ham radio techniques: electron-hole 
theory exposed as fraud 
W6SAI p 67, Apr 85 

Ham radio techniques 
W6SAI p 66, May 85 

Ham radio techniques 
W6SAI p. 51, Jun 85 

Ham radio techniques 
W6SAI p. 59, Jul 85 

Ham radio techniques 
W6SAI p 90. Aug 85 

Ham radio techniques: I have seen 
the future and it works 
W6SAI p. 91. Sep 85 

Ham radio techniques 
W6SAI p. 75, Oct 85 

Ham radio techniques 
W6SA1 p 67. Nov 85 

Harmonic product detector for ORP 
transceivers 

W5FG p. 44. Jun 83 

Harmonics, Trapping stubborn 
N1RC p. 99, Jan 86 

Impedance matching: a brief review 
WD4C p. 49, Jun 84 

KWM 380 external control circuit (HN) 
WA2RUD p. 96, Dec 83 

Linear amplifier, 3CX800A7 
K8RA p. 17. Aug 84 

Low cost linear design and construction 
W4MB p. 12. Dec 82 

Low-pass filter, integrated circuit 
WB2KTG p 59, Jan 85 

Modifying the Trio-Kenwood TS930S 
WB9BXT p. 67. Apr 86 

Monolithic RF amplifiers 
N6JH p. 22. Mar 86 

Mysterious spur on 160 
N3BEK p 73. May 83 

Comments. K0KL. N3BEJ 

p. 95. Nov 83 

NE5205 wideband RF amplifier 
Gruchalla. Michael p 30, Sep 86 

Neutralizing 572B final at 1500 watts 
output (HN) 

W2YW p. 63. Jun 84 

Noise cancellation circuit 
KlRGO p. 75. Mar 84 


p 58, Jun 84 

p 106. Oct 84 

p. 75, Jan 85 

p. 59, Feb 85 

p 83, Mar 85 
9ctron-hole 
J 

p 67, Apr 85 

p 66, May 85 

p. 51, Jun 85 

p. 59, Jul 85 

p 90, Aug 85 
lave seen 

p. 91. Sep 85 

p. 75, Oct 85 

p. 67. Nov 85 


p. 67. Apr 86 
p. 22. Mar 86 
p 73. May B3 


Peaked lowpass: a look at 
the ultraspherical filter 
W7ZOI p 96, Jun 84 

Phase modulator, PLL (HN) 

VE3FHM p. 117, Jun 85 

Photovoltaic cells: a progress report 
WD8AHO p. 52, Dec 83 

Comments, K6KVX, Sample 
Martin, WD8AHO, WB4APT 

p. 10, Feb 84 

Polymer film transforms mechanical 
energy to electrical energy 
WA4KFZ p. 55, Dec 84 

Power FETs: trend for VHF amplifiers 
Peters, Daniel, and W7PUA 

p 12, Jan 84 

Practically speaking: repairing flood 
damage 

K4IPV p. 95, Oct 85 

Practically speaking: intermittents, pt. 1 
K41PV p 75, Nov 85 

Practically speaking: intermittents, pt 2 
K4IPV p 79, Dec 85 

Prerecorded messages help the 
hearing impaired (HN) 

W2QLI p 87. Sep 84 

Quartz crystal resonators 
Boddaert, Peter p 85. Feb 86 

Relay, inexpensive automatic 
send/receive 

W0PBV p. 40. May 82 

Resonant circuits 

WD4C p. 12, Apr 84 

RFI filters, Build narrowband 
W04EHS p t0, Mar 86 

Short circuit p 36. Jun 86 

RFI, solving the problems of 
W2YW p 124, Sep 84 

Russian Woodpecker, the: 
a continuing nuisance 
KR7L p 37, Nov 84 

Solar power for your ham station 
NH6N p. 14, Dec 84 

Short circuit p. 145, Mar 85 

The Guerri report — computer 
technology 

W6MGI p. 54. Nov 84 

Short circuit p 8, Dec 84 

The Guerri report 

W6MGI p. 124, Jan 85 

The Guerri report: superchips come 
of age 


W6MGI p. 126, Feb 85 

The Guerri report 

W6MG1 p. 158, Mar 85 

The Guerri report 

W6MGI p. 157, Apr 85 

The Guerri report: a busy signal from 
space 

W6MGI p. 165, May 85 

The Guerri report — predicting 
equipment failure 

W6MGI p 125, Jun 85 

The Guerri report 

W6MGI p. 124, Jul 85 

The Guerri report 

W6MGI p. 124, Aug 85 

The Guerri report: RF power supplies 
achieve high efficiency 
W6MGI p. 157, Sep 85 

The Guerri report: RF effects — the 
good and the bad 

W6MGI p 142, Oct 85 

The Guerri report 

W6MGI p. 140, Nov 85 

Timer, electronic (HN) 

W9EBT p. 65, Mar 82 

Two-tone signal generator 
YB9ATA/WA7AQN p. 25, Feb 86 

Short circuit p 45, Apr 86 

Short circuit p. 36, Jun 86 

Comments: "Using the Spectrum 

Monitor’’ 

KI6DW p. 9, Nov 86 

Using CAD to rewind transformers 
W6WTU p. 83, Dec 86 

Using spreadsheet programs 
ADlB p. 95, Dec 86 

Very sensitive LF or HF field-strength 
meter 

KlRGO p. 67, Sep 86 

VHF/UHF world: the VHF/UHF primer 
an introduction to filters 
W1JR p. 112, Aug 84 

VHF noise bridge 

OE2APM/AA3K p. 10, Jul 86 

VSWR bridges 

K2LB p. 37, Mar 86 


p 125, Jun 85 
p. 124, Jul 85 
p. 124, Aug 85 


p 142, Oct 85 

p. 140, Nov 85 

p. 65, Mar 82 
r 

p. 25, Feb 86 
p 45, Apr 86 
p. 36, Jun 86 
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Food for thought. 

Our new Universal Tone Encoder lends its versatility 
to all tastes The menu includes all CTCSS. as well 
as Burst Trines, Touch Tones, and Test Tones. No 
counter or test equipment required to set frequency - 
just dial it in. While traveling, use it on your Amateur 
transceiver to access tone operated systems, or in 
your service van to check out your customers' re¬ 
peaters; also, as a piece of test equipment to modulate 
your Service Monitor or signal generator. It can even 
operate off an internal nine volt battery, and is available 
for one day delivery, backed by our one year warranty. 

• All tones in Group A and Group B are included. 

• Output level flat to w ithin I 5db over entire range selected. 

• Separate level adjust pots and output connections for each 
tone Group. 

• Immune to RF 

• Powered by 6-30vdc. unregulated at 8 ma. 

• Low impedance, low distortion, adjustable sinewave 
output. 5v peak-to-peak 

• Instant start-up. 

• Off position for no tone output 

• Reverse polarity protection built-in. 


Group A 


67 0 XZ 

91 5 ZZ 

118 8 2B 

156 7 5A 

71 9 XA 

94 8 ZA 

123 0 JZ 

162 2 5B 

74 4 WA 

97 4 ZB 

127 3 3A 

167 9 6Z 

77 0 XB 

too (I IZ 

131 8 IB 

173 8 6A 

79 7 SP 

103.5 IA 

136 5 47. 

179 9 6B 

82 5 YZ 

107 2 IB 

141 34A 

186 2 rz 

8S 4 YA 

110 9 2Z 

146 2 4B 

192 8 7A 

88.5 YB 

114 8 2A 

151 4 5Z 

203 5 Ml 


• Frequency accuracy. ± . I H/. maximum 40°C to + 85°C 

• Frequencies to 250 Hz available on special order 

• Continuous tone 


Group B 


MSI I()N|-S 

TOUCH TONES 

BURST TONES 

MX) 

697 1209 

1600 1850 2150 241X1 

1000 

770 1336 

1650 1900 2200 2450 

1500 

852 1477 

170(1 1950 2250 2500 

2175 

941 163.3 

1750 2000 2 MX) 2550 

2805 


1800 2100 2350 


• Frequency accuracy, ± I Hz maximum - 40°C to 4- 85°C 

• Tone length approximately 3(H) ms May be lengthened, 
shortened or eliminated by changing value of resistor 

Model TE-64 $79.95 

Cm is COMMUNICATIONS SPECIALISTS 

426 West Taft Avenue. Orange. California 92667 
(800) 854 0547/ California; (714) 998-3021 
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MERRY CHRISTMAS FROM DAN, SANDI, LAURA, RICK, MARK, BRIAN, 

FRENCHY AND RUSS 


HAM STATION 




IC-m2AT 

• Pocket-Sized 
2 Meter HT 

• TX-140-150 MHz, 
RC 139-174 MHz 

• 10 Memories and 
a LCD Readout 



For Orders and Price Checks Call 800-523-7731 '" ^' 42 ST 23*1 °" 

ALL bAnd trap 


Full Feature 

Remotely Programmable 

Repeater Controller 
for under $600 | 

sField tested for ox er 2 years 
ts-Full 1 vear warranty I 


Free l ull ('ulur Bros liure (j 

Call Toll-Free J? 

1-800-621-8387 f 

i. 22-4, > .mi ^ pm M* Miuiain Tilin'■ 


iv.yum 

m" 117 | 

^VO. Box WZ\ • l-ori I ollins.l O80S2S r 



“SLOPER”ANTENNAS! 


\ >t, FULL COVERAGE! ALL BANDS! AUTOMA 
-Nj y TIC SELECTION wiihPROVtN Weatherproof 
\ / I sealed Traps - IB Ga Copper wield Wire! 

V / x GROUND MOUNT SLOPERS • No Radiate 

f \ ' needed) Ground to rad or houkc water f«ut«e 
— r Connect lop to Trees. Building*. Pole*, etc at 

/ ANV angle from Stralghtup to 60 degrees for 

~}i cicelient "SLOPER" OX Antenna Gain or 

y bend It »nywh«r* you need lot 2000 Watt 

f PCP Input, me* Permanent or portable Use 

/] Installs m 10 minutes SMALL - NEAT - 

& ALMOST INVISABLE • No one wrM know you 

have a Mi-Power OX Antenna Ideal For COND'Os APART* 
MENTS- RESTRICTED AREAS - Pea-tuned for 2-1 or less 
SWR over ALL bands (aacopt 80-l60-300hc) No adjust¬ 
ments needed - EVER COMPLETELY ASSEMBLED with 
50 ft RG-5BU Coat feedtme and PL259 connector - J9wNI 
In lighting arresto' ♦ ready to hookup! FULL INSTRUC¬ 
TIONS! 

No 10 B 0 S-80-40-20-15.10—1 trap 49 ft.- 25 

No 1 04OS — 40-20-15-10— I trap 26 ft -*58 95 

No 1020S-20-15-10- I trap 13 ft -*57 95 

No 10 16 S-160-80-40-20-15-10-2 uapa B3 ft. - *89 95 
SEND FULL PRICE FOR PP DEL IN USA (Canada la *5 00 
astra for postage etc; or ordor using VISA, MASCARD - 
AMER EXP Give Number Es Okie Ph 1-308-236-5333 
weekdays We ship In 2-3 dayslPar Cks 14 days) Guaranteed 
1 yr • lO day money bach trial 

WESTERN ELECTRONICS 
Dept AH Kearney, Nebraska 6BB47 


Want to 
Advertise in 
HAM RADIO? 

Call Rally Dennis 
(603) 878-1441 
today for more 
information 


POPULAR PA 19 
Wideband Preamp 


Over 8 000 sold since 1976 
0 5 200 MHz bandwidth *- 
19 dB gam 
50 I! in/output 

Increase sensitivity ot receivers or 
counters 

Built, tested & ready-to go 

ONLY $9.95 PPD 


NEW POCKET SIZED 
500 MHz Freq. Counter 


Ctunpact design pocket sized 

Measures Irequcncy from 1 MHz to 500 
MHz to within 1 kHz <3591TT W '! 


• Built-in telescopmq “’'j'*S5Z 

antenna 

• Uses 1 standard A'-’^ivsS 

9 volt battery ^ 

All units pre tested and 

calibrated to 001% ■-*) a 

Protessional and dependable perlor- 
mance at a low cost 

ONLY $49.95 PPD 


All units pre tested and 
calibrated to 001% 


DIGITREX 

Division of NCI 

10073 N. Mary Ann. Northvllle, Ml 48167 
(313)348-7313 
WEST COAST DISTRIBUTOR 

R. LUKASZEWICZ 

20610 ALAMINOS DRIVE SAUGUS. CA 91350 
(805) 252-6021 

































L-band ground wave propagation 

program 

WA9GFR and Joseph R Hennel 

p 103, Jan 86 
Comment. WA9GFR p. 9, Apr 86 
Moon coordinates, determining basic 
W2WD p. 38, Jan 85 

Moon-tracking by computer 
K6WX p 38. Mar 84 

New band propagation 
KK2XJM (W4MB) p 12. Jan 83 

Radio astronomy and the search 
tor extra terrestrial intelligence 
WB3JZO p 10, Mar 85 

Radio signals, radiation of 
W1GV/4 p 26, Jun 82 

Russian Woodpecker, the: 
a continuing nuisance 
KR7L p 37, Nov 84 

Solar outages, predicting 
VE7ABK p 75. Mar 85 

VHF meteor scatter communications 
AI7J p. 69, Feb 84 

VHF/UHF world: improving meteor 
scatter communications 
W1JR p 82, Jun 84 

VHF/UHF world: the VHF/UHF Primer, 
an introduction to propagation 
W1JR P 14, Jul 84 

VHF/UHF world 

W1JR p 45, Sep 84 

VHF/UHF World propagation update 
W1JR p 86, Jul 85 

VHF/UHF World 

W1JR p. 85, Dec 85 

VHF/UHF world meteor scatter 
communications 

WlJR p 68, Jun 86 

Short circuit p 87. Jul 86 

VHF/UHF world n W and mm-wave 
propagation: part 2 

WlJR p. 69, Aug 86 


Noise, understanding and handling 
DJ2LR p. 10, Nov 86 

Panoramic adaptor/spectrum analy 2 er 
design notes 

WA6NCX/1 p. 26. Feb 83 

Comments. K2CBY p. 12, Sep 83 

Short circuit p 70, Oct 83 

Preamp at work. Quiet! 

N6TX p 14, Nov 84 

Receiver dynamic range 
W3JZO p, 77, Dec 82 

Receiver input temperature (letter) 
WA6JTD p. 13. Apr 85 

Receiver tuning mechanism selection 
PY2PEIC p 31, Nov 86 

Receiver. 10 through 80-meter home 
brew 

N1BFV p. 40. Nov 85 

Remole-site receivers and repeater 
operation 

K9EID p 36. Jan 83 

Rotary dial and encoder for digital tuning 
N3CA p 30, Dec 8? 

S-meter, a calibrated 
W7SX p. 23, Jan 86 

Short circuit p. 45, Apr 86 

Spectrum analyzer, a handheld optical 
WA4WDL p. 23, Apr 84 

Ten-Tec Argosy, Upgrade 
WB3JZO p. 38, Nov 86 

TS-930S headset audio, increase 
undistorted (HN) 

W6FR p 128, Oct 85 

VHF/UHF world — high dynamic range 
receivers 

WlJR p 97, Nov 84 

Short circuit p. 103, Jan 85 

VHF/UHF world broadband amplifiers in 
receiver design 

WlJR p 91, Nov 86 


hf 


RECEIVERS 

AND 

CONVERTERS 

general 

Active mixers, performance capability 
part 1 

DJ21R p. 30. Mar 82 

Active mixers, performance capability: 
part 2 

DJ2LR p. 38, Apr 82 

Automatic repeater/receiver sensitivity 
(HN) 

VE7ABK p, 81, Jan 82 

Bragg-cell receiver 

WB3JZO p. 42, Feb 83 

Cascaded stages, I MO and intercept 
points of 

W3IMG p. 28, Nov 84 

CB to 1 0-meter conversions, scanner 
W2FMY. KB2GA p. 98, Nov 85 

Communications receiver 

K2BLA p. 12, Jul 82 

Compact 75-meter monoband 
transceiver 

KlBQT p. 13, Nov 85 

Short circuit p. 66, Jan 86 

Crystal ladder filters, systematic design 
of 

N7WD p. 40, Feb 82 

Digital frequency readout using the 
Commodore 64 

W3NNL p. 83, Nov 85 

Extending receive coverage for the IC-02 
and IC-04 

WB6GTM p. 77, Jul 86 

External product detector improves 
receiver performance 
W6GB p 107, Nov 85 

High-stability BFO tor receiver 
applications 

K1ZJH p. 28, Jun 85 

LF converter, fixed-tuned 
K1RGO p 19. Jan 83 

Low-noise preamplifiers with good im¬ 
pedance match 

WIOOP p. 36, Nov 82 

Mixer frequencies, graphical selection 
W2HVN p. 41, Jun 85 

Noise discriminator, a pulsewidth 
W6NRW p. 23, Nov 04 


Blanking the Woodpecker: part 1 
VK1DN p 20, Jan 82 

Blanking the Woodpecker, part 2: 

a practical circuit 

VKlDN p 18. Feb 82 

Comments, NP4B p. 8, Jul 82 

Blanking the Woodpecker, part 3: 
an audio blanker 

VK1DN p- 22, Mar 82 

CB to 10 tm transceiver conversion 
VE3FIT, VE3AQN p 16, Feb 83 

Compact SSB receiver 
KlBQT p 10. Nov 83 

Comments KA0GPE p. 10, Mar 84 

Designing a modern receiver 
W83JZO p. 23, Nov 83 

Digital HF radio: a sampling of 
techniques 

KA2WEU/DJ2LR p 19, Apr 85 

Short circuit p 121. May 85 

HF superhet, 20-meter 
N3ECZ p 65, Nov 86 

High-frequency receiver performance 
G40BU p 33. Feb 84 

Improved stability and dial calibration 
for the Heathkit HW-8 (HN) 

W3HVK p. 103. Nov 83 

Inexpensive CW filter (HN) 

WB1AFQ p 80, Jan 82 

Receiver, Pocket-portable SSB 
WB6BIH p 55. Nov 86 

Receiver sweep alignment system 
WB6BIH p.124, Nov 84 

Shortwave receiver, portable 
PY2PE1C p 67, Apr 84 

Simple shortwave broadcast receiver 
W6XM p 83, Nov 83 

Superhet coilset, design with 
a microcomputer 

Sterrenburg, F.A.S. p. 113. Nov 84 

SW receiver, a double conversion 
portable 

PY2PE1C p. 48, Nov 84 

Transceivers, quasi-bilateral IF for 
K1ZJH p 75, Dec 84 

Two-band receiver, extending the 
modular 

WA3TFS p 57. Nov 04 

Two-band receiver, modular 
WA3TFS p 53. Jul 83 

Comments WA3TFS p. 8, Sep 04 

15-meter sideband transceiver 
WA4ZXF p. 12. Mar 83 

Short circuit p. 80, Jul 83 

80-meter receiver, simple 
WB2EAV p. 25, Nov 86 


vhf 


Extending receive coverage for the IC-02 
and IC-04 


WB6GTM 


p 77, Jul 86 


Optical fm receiver 

Poon and Pieper p 53, Nov 83 

Short circuit p. 85, Jan 84 

Comment, W60AL p 13, Jun 84 

VHF/UHF world: VHF/UHF receivers 
WlJR p. 42, Mar 84 


RTTY 

Baudot, a vote for (letter) 

W6NRM p 8, Mar 82 

CW and RTTY digital audio filter 
WlOER p 60, Aug 83 

New MSO for RTTY (letter) 

N2EO p 12, Jul 84 

RTTY and Atari™ computer 
K5VUV p. 36, Jul 83 

Short circuit p. 10. Feb 84 

RTTY oscilloscope input 
using line transformers (HN) 

W6XM p 87. Sep 84 

RTTY zero-beat indicator (HN) 

W2QLI p. 78, Oct 83 

Run RTTY on your Timex 
NU4V p 110, Apr 85 

Hun RTTY on your VIC-20 
W5TRS p 120. Apr 85 

Timex/Sinclair newsletter (letter) 

AD IB p 12, Jul 84 

TRS-80 color computer for RTTY 
WlOER p 62, Jun 83 

VIC-20 printer (HN) 

W2QLI p. 88. Sep 84 

Short circuit p 145, Mar 85 


SATELLITES 

Demodulator, telemetry, PSK, for 
OSCAR 10 

G3RUH p 50, Apr 85 

Elevation indicator, inexpensive W5- 
JTL p. 67, Jun 85 

First HT-to-HT QSO via OSCAR 10 
WA2LQQ p 32, Sep 84 

Comments W1DHX p 8, Jan 82 
Comments W2TI p 8, Feb 82 

Short circuits p 89. Jan 82 

G O E S reception a simple approach 
WA4WDL p. 46, Jan 04 

Graphic azimuth and elevation calculator 
WB0VGI p 25, Jan 83 

Introducing satellite communications 
G3ZCZ p 10, Apr 86 

Locale orbiting satellites 
W0ZWW p. 72, Sep 83 

Moon-tracking by computer 
K6WX p 38. Mar 84 

Satellite tracker, digitally-controlled 
KA80BL p. 102, Sep 85 

Signals from space, receiving 
K8UR p. 67, Nov 84 

The Guerri report: super speed 
semiconductor 

W6MGI p 109, Oct 86 

The Guerri report: communication 
satellites 

W6MGI p 108, Jun 86 

Comments: update on ACSSB level- 
one adapter, project OSCAR (Oct. 86) 
WB6JNN p 9, Nov 86 

Work OSCAR 10 with your HT 
WA2LOQ p 29, Sep 84 


SEMI¬ 

CONDUCTORS 

Amplifiers, biasing Class-A bipolar 
transistor 

KQ7B p. 32, Aug 82 

Cooling semiconductors part 1: 
designing and using heatsinks 
Martin, Vaughn D, p. 33, Jul 84 

Cooling semiconductors part 2: 
blowers and fans 

Martin, Vaughn D. p. 52, Aug 84 


GaAs FET performance and 
preamplifier application 
K8UR p 38, Mar 83 

Comments, KC0W p. 12. Jul 83 

Practically speaking: solid state rectifiers 
K4IPV p, 51, Aug 86 

Practically speaking: substituting 
transistors-part 1 

K4IPV P 92, Sep 06 

Practically speaking: substituting 
transistors-part 2 

K4IPV p 66, Oct 86 

Solid-state replacements 
AK7N p. 46, Apr 83 

The Guerri report: super speed 
semiconductors 

W6MGI p 109, Oct 86 

Transistor biasing, back to basics 
WD4C p. 91. Dec 84 


SINGLE 

SIDEBAND 

ACSSB a level-one adapter 
WB6JNN p 10. Oct 86 

Adjusting SSB amplifiers 
AG6K p. 33, Sep 85 

Better sounding SSB 
AG6K p 58, Feb 84 

Comments W20ZH p 13, Jun 84 

Development of Amateur SSB 
a brief history 

K4KJ p. 12, Sep 84 

Comments, AG4R p 8, Dec 84 

Ham radio techniques 
W6SAI p 106. Oct 84 

Linear amplifier, HF solid-state kilowatt, 
mobile 

WA7SPR p 67, Feb 85 

Weaver modulation, 2-meter transmitter 
N1COX p 12, Jul 85 


SOFTWARE 

EME link calculator program 
KE6ZE p 70, Feb 86 

Comments, C80H p 9. Apr 86 

Gel on SSTV-wilh the C-64 
I2CAB and I2AED, edited by K9EI 

p, 43, Oct 86 

L-band ground wave propagation 
program 

WA9GRF and Joseph R Hennel 
TI58/TI59 (HN) 

K3VGX p 65, Mar 82 

Using spreadsheet programs 
for amateur radio projects 
AD1B p 95. Dec. 86 


TELEVISION 

CRT character enhancer 
W9CGI p 66, Aug 82 

SSTV, applying microcomputers to 
G3ZCZ/4X p 20, Jun 82 


TRANSMITTERS 
AND POWER 
SUPPLIES 

general 

Adjusting SSB amplifiers 
AG6K p 33, Sep 85 

Grounded-grid amplifier parasitics 
AG6K p. 31, Apr 86 

Comment, NJ0G p. 9, Jul 86 

Comment, W2YW p. 6, Jul 86 

Ham radio techniques: super cathode 
driven amplifier 

W6SAI p 73, Nov 86 
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products 


antenna polarity switcher 
model APS-1 

The APS 1 from Mirage is a self-contained 
control head designed to allow remote polarity 
switching of circular antennas such as the Mi 
rage/KLM range of crossed Yagis. 

The APS 1 may be powered by the power 
adapter (included) or may alternately be powered 
from a vehicle or other 13 to 17 volt dc source. 

In addition to switchable outputs for two an 
tennas, the APS-1 also contains a 6 to 13 volt 
regulated dc power supply This feature is 
designed for powering items such as pre 
amplifiers and VHF/UHF converters, but may 
also be used whenever a low current, stabilized 
variable voltage source is required 

Total output current is 500 mA with the ac 
transformer (included), 1 amp with optional high 
current transformer or external dc supply. 

For information, contact Mirage, P.O. Box 
1000, Morgan Hill, California 95037 

Circle /307 on Reader Service Card. 

new CTCSS encoder 

Kenwood has added a programmable CTCSS 
encoder to its Smallest HT’ M . The new BT Series 
accessory lets you access more "private line” 
machines with different PL tones. 

The introduction of the new BT Series doesn't 
mean that the original Smallest HT'“ will be dis 
continued: users who don't need the CTCSS en 
coder can choose the TH 216A Series without 
the front panel pror -ammable tone encoder 

The new BT Series retains all the same tea 
tures and uses fhe same accessories as the origi 
nal Smallest HT ,M and adds a valued feature in 
the same "pocket portable package " 

For information, contact Trio Kenwood Com 
munications, P.O. Box 7065, Compton. Califor 
nia 90224. 

new Ku-band satellite tv 
package 

Luxor has announced a new Ku band pack 
age for viewers who want to receive both Ku 
band and C band satellite television program 
ming. The Luxor package consists of a Luxor 
9995 C/Ku Block Satellite Receiver, a new 1.2 
or 1.8 meter fiberglass antenna, choice of 
mounts, a 9769 Ku band Low Noise Block 
Downconverter (LNB), and dual mode signal 
feed The LNB converts the 11 7 12.5 GHz band 
to 950 1,750 MHz, the input frequency of Lux 
or block receivers. Its block signal conversion 
technology permits independent channel selec¬ 


tions on TV sets throughout home, building, or 
neighborhood while sharing one TV antenna. 

The 8003 1.2 meter dish and 8004 1.8 meter 
dish are available with fixed (azimuth elevation! 



mounts for cornmerical use or polar mounts for 
consumer use 

The Luxor 9769 microwave head consists of 
the low noise pre amplifier, mixer, local oscilla 
tor. and i f amplifier, combined in one unit to 
form the LNB This LNB (noise factor 2.5 dB 
maximum), together with the new Luxor 1.2 me¬ 
ter dish, gives an excellent picture on the new 
er 12 GHz satellites. For reception at footprint 
edges where signal strength is weak. Luxor 
recommends its 1.8 meter dish. 

For details, contact Luxor North America Cor 
poration, 600 108th Avenue N.E., Suite 539. 
Bellevue. Washington 98004 

Circle 7306 on Reader Service Card. 


antenna current probe 

Antenna experimenters will find the new 
MFJ 206 antenna current probe to be a handy 
addition to their hamshack. Designed to delect 
magnetic fields around rf conductors such as an 
tennas. transmission lines, and ground leads, it 
can also be also used to detect electromagnetic 
radiation from wiring, enclosure shields, and oth¬ 
er objects It can also be used as a field strength 
meter with the included telescoping antenna. 
The MFJ 206 is priced at $79.95 

The relative strength of a magnetic field is de 
termined by the magnitude of the rf currents 
flowing through a conductor. To detect current 
distribution, you simply move the slotted end of 
the probe along the conductor at right angles. 
As current incieases. you'll see a higher read 
ing on the probe's meter. 

For further information, contact MFJ Enter 
prises. Box 494, Mississippi State, Mississippi 
39762 

Circle 1305 on Reader Service Card 


SSB voice-activated 
squelch 

Naval Electronics announces a new commer 
c.ial grade voice operated squelch (VOS) for 
upgrading solid state SSB receivers and Iran 
sceivers. 

Easily installed in most modern receivers and 
transceivers, the 11 pin module provides com 
mercial communications grade squelch opera 
tion immune to noise, static crashes, heter 
odynes. and steady tones. The circuit incor 


porates a syllabic rate detector which provides 
for superior squelch operation, looks for signal 
changes similar to changes normally occurring 
in human speech, and uses the VOS to switch 
the speaker audio on. (An on/off switch is 
provided.) 

The VOS is most helpful where a single chan 
nel must be monitored continuously, reducing 
operator fatigue. 

For further information, contact Naval Elec 
tronics Inc.. 5417 Jetview Circle. Tampa. Flor 
ida 33634. 

Circle /310 on Reader Service Card 

digital oscilloscope 
peripheral for pc's 

Rapid Systems has announced the release of 
the new "4x4, ' a digital oscilloscope peripheral 
for IBM PC. XT. and ATsand compatibles. This 
turn key, high performance, 128K data buffer 
digital scope is the first serious instrument 
peripheral for PC's to offer simultaneous acqui¬ 
sition of four channels. It also offers the largest 
number of data buffers per channel in the mar¬ 
ket. Turn key digital scope software is provid¬ 
ed with unit. No programming is required. 

For information contact Rapid Systems. Inc. 
755 North Northlake Way, Seattle, Washington 
98103. 

Circle /304 on Reader Service Card 

free update disks 

Free update discs are available to anyone who's 
bought RF Notes t (through Version 2.4), RF 
Notes 2 (through Version 2.4), or RF Notes 3, 
Volume 1 (through Version 1.5). 

Fora free copy, simply return your original pro¬ 
gram disk to Etron RF Enterprises, P.O. Box4042, 
Diamond Bar. California 91765. 

Circle 1303 on Reader Service Card. 

new DX Edge' 

There's a new DX Edge from Xantek the 
Super DX Edge', the successor to the "Com 
puterized DX Edge “ Available for the Commo 
dore 64 and Commodore 128 computers and 
their associated disk drives, the Super DX Edge 
adds two significant features not found in earli 
er versions: it calculates Maximum Usable Fre 
quency (MUF) between any two locations and 
calculates Great Circle Bearings (antenna direc 
tion) and distance between any two locations. 

The program calculates the MUF between any 
two points for any sunspot number or solar flux 
value, and also the great circle bearing between 
the points The MUF is the frequency to use for 
most effective communications between any 
two points Results are given for every hour of 
the day. 

The super DX Edge displays and automatically 
updates the position of the Gray Line to give a 
continuously accurate picture of the world's day 
light and darkness areas. Sunrise and sunset 
times for any location and any time of year may 
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also be calculated and displayed. 

The DX Edge Is used by DXers around the 
world to help determine the optimum times (or 
long distance contacts. It is particularly helpful 
in determining the best times and bands for long 
path and Gray Line contacts. With the addition 
of the MUF and Great Circle Calculators, the Su 
per DX Edge contains all the propagation aids 
that DXers need to plan their on the air activity. 

Available from Ham Radio's Bookstore or 
directly from Xantek. Super DX Edge is priced 
at $34.95 (Add $3.50 for shipping and handling 
if ordering from HR's Bookstore.) Owners of the 
Computerized DX EDGE can trade up to the Su¬ 
per DX EDGE for $24.95 plus their disk. 

For information, contact Xantek, Inc., P.O. 
Box 834 Madison Square Station, New York. 
New York 10159. 

Circle S302 on Reader Service Card. 

all-mode communicator 

The KAM ,U is a true all mode digital "smart'' 
communicator available from Kantronics. A 
state-of tbe-art radio modem that operates CW. 
RTTY, ASCII. AMTOR, or PACKET, KAM 



features over 100 software commands, bar 
graph tuning and user programmable MARK 
and SPACE tones for RTTY and hf packet, 
RS 232/TTL terminal interfacing, and limiter; 
limiterless operation on hf for weak signal oper 
ation. In addition, the CW demodulator is 
programmable for both center frequency and 
bandwidth. In effect, you get a flexible, all mode 
unit, with any shift including 170 Hz for RTTY 
without compromise. 

Like a packet unit, KAM operates with a com 
mand mode and operating modes. You can 
choose RTTY or packet by command. In addi 
tion, you can set mark and space tones for RTTY 
or packet while in command mode for hf oper 
ation. Standard packet tones are used in the VHF 
mode. You'll need a terminal program to access 
KAM with you computer; any standard commu 
nications program will do. 

KAM comes with a power adapter, an opera 
tor’s manual, cables, and connectors; you pro 
vide the transceiver mic connectors and yout 
computer's RS 232 connector. 

For details, contact Kantronics, 1202 E 23 
Street. Lawrence. Kansas 66046 

Circle /301 on Reader Service Card 




1987 

CALLBOOKS 


The "Flying Horse" 
sets the standards 

Continuing a 66 year tradition, there are 
three new Callbooks for 1987. 

The North American Cailbook lists the calls, 
names, and address Information for licensed 
amateurs in all countries from Canada to 
Panama including Greenland, Bermuda, and 
the Caribbean Islands plus Hawaii and the 
U.S. possessions. 

The International Cailbook lists the 
amateurs In countries outside North 
America. Coverage includes South America, 
Europe. Africa. Asia, and the Pacific area. 

The 1987 Cailbook Supplement Isa new idea 
in Cailbook updates; it lists the activity In 
both the North American and international 
Callbooks. Published June 1, 1987, this 
Supplement will include all the new licenses, 
address changes, and call sign changes for 
the preceding 6 months. 

Publication date for the 1987 Callbooks is 
December 1, 1986. See your dealer or order 
now directly from the publisher. 


□ North American Cailbook 
Incl. shipping within USA 

Incl. shipping to foreign countries 

□ International Cailbook 
Incl. shipping within USA 

Incl. shipping to foreign countries 


$28.00 

30.00 


$28.00 

30.00 


□ Cailbook Supplement, published June 1st 

Incl. shipping within USA $13.00 

incl. shipping to foreign countries 14.00 

SPECIAL OFFER 

□ Both N.A. & International Callbooks 

incl. shipping within USA $53.00 

Incl. shipping to foreign countries 58.00 


Illinois residents please add 6>/;% tax. 
All payments must be in U.S. funds. 


Ill laoolc 


RADIO AMATEUR I 

callbool 

Dept. F 

925 Sherwood Dr., Box 24 7 
Lake Bluff. IL 60044, USA 


Tel: (312) 234-6600 


Crystal 
Filters 

YEAR-END CLEARANCE 



All starred ( * ) Items 20% off ; all others 10%. 
Prices are etch except as noted All filters 8-poie 
Sale ends December 31. 1986. 

FILTERS FOR KENWOOD Reg. $60 except noted. 

8 83MHz IF for models TS120 through TS940 
Bandwidths 250, 400. 1800, * 2100 6000Hz 
TS440 * Pair (400 Hz CW. 2 1 KHz SSB) Reg $120 

TS430 * Triple (Both above plus AM) Reg $180 

455 KHz IF for R820, TS830/930/940 Reg $110 

Bandwidms available CW 400HZ; SSB a 2.iKHx 

Matched Filter Pairs for Above Reg $170 pr. 

(6.63mhZ and 455KHz) SSB a 2100Hz, CW 400Hz 

3 395MHz IF for TS520. TS511 R599 
Bandwidths Available 250, 400. a 1800 2400Hz 

Filter Cascade Kits with Filter and Amplifier 

For * TS430 $85 • TS520 $80 a TS820 - Reg $80 

FILTERS FOR YAESU Reg $80 except as noted. 

3.18MHz IF for FT-iOi Senes except ZJ 0 
BWs 250. 500Hz. 1 8, a 2.1. a 2.4. « 6 OKHz 
8 2 MHz IF for FT-102, FT 757/767 
Bandwidths Available * 250. 500, 2100Hz 
454KHz IF for FT 102 a 250 500Hz) Reg $75 

455KHZ IF tor FT 102 i a 2.1 KHz) Reg $110 

8 9MHz for FT-101ZD/107/707/901-2 FT 980 
BWs 250. 500Hz. 1.8. 2 1. * 2.4, 6 OKHz 

10 76MHz IF for all but 960 BWs 1 8. a 2.1 KHZ 
455 IF lor FT980 only BW * 2 1 KHz Reg $110 

455 8 IF for FT 980 FT726 BW • 500Hz Reg $75 
Filter Cascade Kits with Filter and Amplifier 
For • all 8 9 above except FT 980 Reg $80 

9 0MHz IF for Tempo I (or FT-200). FT-301. FT 7/B 
BWs * 250 500Hz 1 8 • 2.1. 2 4. 6 OKHz 
NOTE Above are our 'homebrnwers' favorites'*! 


FILTERS FOR ICOM (exact replacements) 

455 IF for IC730/740/745/751 R70/71 etc 
Bandwidths FL44A (SSB a 2 4KHz) Reg$flO 
FL52A (500Hz). FL532 (250Nz) Reg $85 ea 

FILTERS FOR HEATH ALL MODELS Rag $65 

Bandwidths Available 250 400Hz a 1.8, 2 1 KHz 
For SB 104 Only * 400HZ <3395 7 IF) 

FILTERS FOR DRAKE R-4C Reg $85 exc as notad 

GUFl (8KHz) Replaces original 1st IF 4-pole unit 
GUF2 (800Hz) Switches out GUFl In CW Reg $100 
2nd IF 125 ($75), 250. 400Hz. 18. a 2.1 6KHz 

FILTERS FOR DRAKE TR7/R7. etc. Reg $65 

BWS Available 250. 400Hz. a 1.8, a 2.1 KHz 

FILTERS FOR COLLINS 75S-3B/C a 250Hz Reg $125 

LIMITED QUANTITIES • ORDER NOW! 

SPECIFY Make and Model Number of your Rig 
Frequency and Bandwidth of fllter(s) 
ORDER by Mail or Phone - VISA/MC or COD OK 
SHIPPING $5 US and Canada. $12 elsewhere 

GET THE BEST 8-POLE FILTERS - FOR LESS 

FOX-TANGO Corp. 

Box 15944, W Palm Bch, FL 33416 
Telephone (3051 683 9567 


SOFTWARE FOR THE 
C-64 * 


RF KIT 1.0 disk in 
eludes over a 
dozen RF and DC 
formulas, pro¬ 
grams lor Beam 
Headings, Tower 
Stress Calc and Noon Meridian fo Imd 
True North. Also, instructions to add your 
own favorite formulas fo the disk. Write 
for free data Price $14.95 +■ 100 postage. 


RF KIT CO., P O Box 27127, Seattle WA 98125 USA 
Tel (206) 246-9522 "Trademark ol Commodore 
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NEMAL ELECTRONICS 


HARDLINE-50 OHM 

Ntmjl No. Description ft 

ntM? 1/2 Aluminum BUc» J»ckf1 89 

HU? 1/? Con Copper l£QHelm* lOfDBlfc IM 159 

RC78 7/$ Coir Coppn* 392 

NM1 ?Al NConn 1/? Alum iMjteo* 

NM12CC NConn 1/2 Copper <M»if <n frmjiei 22 00 
NM/8CC NConn 7/8 Copper (Male or femjlei WOO 

COAXIAL CABLES 

Nemal No DeunplioA 100 ft foi ft 

1100 RG 8 95$ Shielded Mil Spec 28 00 32 

110? RG8 9S\ Shietded foim 30 00 3? 

1110 RG8* 95$ Shield (mini 81 1S00 I? 

1130 RG213/U Mil Spec 96$ Shield 3400 36 

1140 RC2I4/U Mil Spec Dbl Silver ibSOO 165 

1180 Beiden 991310* loss 46 00 50 

1705 RC.142B/U teflon/Silre' 14000 150 

1310 RG2I7/U5/8 SOohmOW Shield so00 85 

1470 RG223/U Mil Spec Dbl Silver go 00 85 

1450 RGI74 95% Shielded Mil Spec |?00 14 

ROTOR CABLE — 8 COND. 

Nemal No Dew opt ion 100 ft Per ft. 

8C182? 218 G* 6 2? G« 19 00 21 

8C1620 2 16Ga 6 20Ga Heavy Dufy 34 00 36 

• Shipping S3 00 100 ft / Conn JJ 00 / C 0 D S2 00 


i 


CONNECTORS — MADE IN U.S.A. 

Nemal No DeKiiption la 

Nf 720 lipe N tnr Befflen 9913 4 

N172J N female Belden 9913 4 

Pi 258AM Amphenol Barrel 1 

Pt259 Standard Plug for RGB 213 10/5 90 0 * 

P1259AM Amphen .4 PL259 10/7 90 or 

P1259IS ft 259 lellon/Silver 1 

UG21D !,peNtnrRG8 213 214 3' 

UG83B N female to Pl?59 6 

UG88C BNC RG58 

UG146 S0239 h Male N 6 

UG175/6 Adapter to* RG58/59 opacity 10/2 00 or 

UG255 S0239 tc BNC Amphenol 

HA51 18 tNC RG58 4 

AM 9501 1 SMARG142B 8 

S0239AM Amphenol 50239 

GROUND STRAP —BRAID 

Nemal No Description P< 

GSJ8 .1/8 Tinned Copper 

GS1? 1/2 tinned Copper 

GS316 3/16 t-nned Copper 

GS316S 3/16 Silver Plated 

GROUND WIRE — STRANDED 

Nemal No OecnptiOA Pf 

HW06 6Ga msuuied stranded 


Call ui write for complete price list Nemal's 32-page Cable & Connector Selection Guide 
is available al no charge with orders of $50 00 or more, or al a cost ol $4 00 individually 


NEMAL ELECTRONICS, INC. 

12240 N.E. 14 Ave.. No. Miami. FL 33161 ^ 120 


(305) 893—3924 • Telex 6975377 
24 Hr. FAX (305) 895-8178 


'MULTI-BAND SLOPERS' 

also oipotta a, umh ip-soaci aniinnas 

Ouiuevtdlno pe<lo»m*rK* WrtlNN tnlennM it *«ll Xk«k»n» Noeen 
|<>» mniHbervI PMi-SIONAI r»po«l(l AuloroalH: batvliwtlc hmo • V*r* 
km SWk Coe. la ad IV- po.ar • CMWKI • ^ t VL ^T A5|l Mll^tD 


lo you* tp-ciliod can!#* ir*ij.**^y aach t>a**<l 
it* — pioliia Comolala tntlmcliont •Tour 

4 band atoetn so ao’ft o«ioH ao n long 

J .. •• IBO BO 40M Ml II ~ 

J •• M «OM 40 II - 

3 ~ NO-IAAI* IMeOLI IfcO BO 4UM M311 lo*MI 

2 — - .. BO 40M MU - 

9 band aeACt BAvtHOterxt ‘MHuuiom* ab'Liong 
IM 40 70 lau-llhoul lunar I 


ctiac-V accaplad 

4 4Bwpd 
f 41 » 

t M - 

|» " 

* as •• 

4 BAppd 


8EMP S ASr 1. 
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MB MIWMI 

„ Hi 3*4 3414 

BOX 393-H Ml PROSPECT, II 00036 


i t.miMol# d«le>>i o 

WOINN ANIINNAS 


^ 1986-87 CALL DIRECTORY 

\ 

(on microficho) 


Call Directory 

SB 

Name Index 

SB 

Geographic Index 

SB 

All three $20 
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Shipping per order $3 

BUCKMASTER PUBLISHING 


Mineral. Virginia 2311 7 

V 703-894-5777 



"Impressively No. 1 Receiver... 

Way ahead... Best buy." r. uchte _ % c ; .*_ 
JRC NRD 525... $1179 <+$«s&h »m 1 f 


Successor lo the famous professional Rfade 515, . . 

this new model incorporates much of its * Incremental tunmg 

predecessor and adds many new features ol Ms 
own to offer truly qualify performance 
e Microprocessor controlled tuning, mode 
select, triple scanning, memory and clock 
(unctions 






a Tunes 150 kHz to 29.999 MHz 

• LCD display ot frequency and signal meter 

• Computer interface for easy use 

• Keyboard frequency entry 
a 12 internal memories 

• Moise blanker 

• Squelch 

• Passband tuning 


• Attentuator 

• Tone control 

• Programmable clock/timer 

• Sensitivity: 110 dH SAX I .09-1 h MHz, KT7Y. IAX. CW. 
SSB: 5 mV; AM 15 mV. 1.5-34 MHz. RTTY, FAX, 

CW, SSI): (1.5 mV; AM 2 mV. 

• Selectivity: ( h dBl Aux. 12 kHz or more. Wide 4 
kHz, Inter 2 kHz, narrow I kHz. 

• Options: CNK-165, VHF 

Converter CMH-530, RTTV Demodulator CMH-532, 
Computer Interface. ST-3, Headphones NVA-H8. 
External speaker Fitters: XX) Hz, 500 Hz, and I kHz 



For Technical Review of Ihe 525 


by Rainer Lichte Send $3.00 


52 Park Ave. 


GILFER SHORTWAVE 
Park Ridge, NJ 07656 • Ph 201/391-7887 
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products 


"talking” DTMF 
remote control 

The Model 5001 DTMF Remote Control from 
Monroe Electronics answers DTMF coded in 
quines and generates alarm reports in English us 
ing synthesized speech. The device monitors 16 
on off type logic inputs and controls 16 outputs 
through built in Form C relays. Communication 
with the unit is by means of dual tone multiple 
frequency (DTMF) signals from any touch tone 
telephone or over any other voiceband link 
equipped with a touch tone keypad. 



The Model 5001 controls its output relays as 
instructed, and reports the state of its logic in 
puts when queried by the user. It will generate 
an alarm report spontaneously when designat 
ed inputs change state, autodialing one of two 
preprogrammed telephone numbers or transmit 
ting via two- or four wire audio ports. User 
selectable protocols for status reporting include 
synthesized speech, DTMF tone strings, DTMF 
tones, and single tone signals. 

The 5001 accepts instructions via the public, 
switched telephone network It answers after a 
user designated number of rings, and hangs up 
automatically after a selectable period of inac¬ 
tivity Relays may be programmed for a variety 
of configurations Applications include repeat 
er and satellite uplink/downlink control 

For information, contact Monroe Electronics, 
Inc,, 100 Housel Avenue, Dept 555. Lyndon- 
villo. New York 14098. 

Circle 1308 on Reader Service Card. 


prime factor FFT 

Alligator Transforms has announced the re¬ 
lease of Prime Factor FFT, a Fast Fourier Trans¬ 
form Subroutine Library usable with the IBM PC, 
XT. AT, and Compatibles equipped with an 8087 
math coprocessor The library includes the for¬ 
ward and inverse FFT for single and double pre¬ 
cision floating point complex number sets. 

Prime Factor FFT may be called from any high- 
level language including Turbo Pascal. Fortran. 
BASIC, C, or Assembly Language. Interface ex 
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High 

Performance 


vhf/uhf preamp/ 


amples aie provided in all languages with exten 
sive documentation on how to use Fast Fourier 
Transforms in your application 

With Prime Factor FFT, the user is not limit 
ed to radix two data set sizes. You may perform 
frequency analysis on data set sizes as small as 
two data points to as large as 65.520 data points. 
Choose from over 300 data set sizes 

Prime Factor FFT fully utilizes the 8087 math 
coprocessor to complete calculations quickly A 
1008-point double precision floating point com 
plex forward FFT will complete in 2.428 seconds 
Larger data sets execute quickly as well with a 
similar 32.760 data point set FFT completion in 
133 863 seconds Priced at $159.00 each. Prime 
Factor FFT is extremely accurate, with typical 
error leyels as low as 3 3307e 16 in double pre 
cision. 

For information, contact Alligator Transforms 
Scientific Software, P O Box 11386. Costa 
Mesa. California 92627 

Circle Z309 on Reader Service Card 

ICOM IC-//2AT 
2-meter handheld 

ICOM has announced the release of its 
pocket-sized 2-meler handheld the 1C <i2AT 
The Micro" receives from 139 to 174 MHz and 
transmits from 140 to 150 MHz, has ten memories 
which will store offset and tone, an LCD readout 
on the top panel, scanning, 1 W power output 
(with 1.5W optional), and 32 built in subaudi 



bln tones It measures only 2.3 ■ 5.6 • 1 1 
inches and weighs only half a pound 

Foi details, contact ICOM America Inc.., 2380 
116th Avenue N E Bellevue. Washington 
98009 9029 

Circle /311 on Reader Service Card 




Freq. 



1 dB 



Receive 

Range 

N.F. 

Gain 

Comp. 

Device 


Only 

(MHz) 

(dB) 

(dB) 

(dBm) 

Type 

Price 

P28VD 

28*30 

<1.1 

15 

0 

DGFET 

529 95 

P50VD 

50 54 

<1.3 

IS 

0 

DGFET 

$29 95 

P50VDG 

50-54 

<0.5 

24 

♦ 12 

GaAsFET 

$79 95 

P144VD 

144-148 

<1.5 

15 

0 

DGFET 

$29.95 

P144VDA 

144-148 

<1.0 

15 

0 

DGFET 

$37.95 

P144VDG 

144-148 

<0 5 

24 

♦ 12 

GeAsFET 

$7995 

P220VD 

220 225 

< 18 

IS 

0 

DGFET 

$29 95 

P220VDA 

220-225 

<1.2 

15 

0 

DGFET 

$37 95 

P220VDG 

220-225 

<05 

20 

♦ 12 

GeAsFET 

$79.95 

P432VD 

420-450 

<1.8 

15 

-20 

Bipolar 

$32 95 

P432VDA 

420450 

<1.1 

17 

-20 

Bipolar 

GeAsFET 

$49 95 

P432VDG 

420-450 

<0 5 

16 

♦ 12 

$79 95 

Inline (rt switched) 






SP28VD 

28-30 

<1.2 

15 

0 

DGFET 

$59 95 

SP50VD 

50-54 

<1.4 

15 

0 

DGFET 

$59 95 

SP50VDG 

50-54 

<0.55 

24 

♦ 12 

GaAsFET 

$109.95 

SP144V0 

144 148 

<16 

15 

0 

DGFET 

$5995 

SP144VDA 

144-148 

<1.1 

15 

0 

DGFET 

$67 95 

SP144V0G 

144-148 

<0 55 

24 

♦ 12 

GaAsFET 

$109 95 

SP220V0 

220-225 

<1.9 

15 

0 

DGFET 

$5995 

SP220VDA 

220-225 

<1.3 

15 

0 

DGFET 

$67 95 

SP220VDG 

220-225 

<0.55 

20 

♦ 12 

GaAsFET 

$109.95 

SP432VO 

420450 

<19 

15 

-20 

Bipolar 

$62 95 

SP432V DA 

420 450 

<12 

17 

-20 

Bipolar 

GaAsFET 

$79 95 

SP432VDG 

420-450 

<0 55 

16 

♦ 12 

$109 95 


Every preamplifier It precision aligned on ARR'e Hewlett Packard HP8970AJHP346A stale-of-the-an nolee figure 
meter. RX only pieemplltiere are (or receive applications only. Inline preamplifiers are rf switched (for use 
with transceivers) and handle 2$ watts transmitter power Mount Inline preamplifiers between transceiver 
and power amplifier lor high power applications. Other amateur, commercial and special preamplifiers available 

In the 1-1000 MHz range. Please Include $2 shipping In 
■ a U S and Canada. Connecticut residents add 7- v, % 

RdVflnCCd sales tax. COD. orders add $2. Air mall to foreign coun- 

* ' * eiaiew ides add 10%. Order your ARR Rx only or Inline 

preamplifier today and start hearing like never before! 
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Research 


Box 1242 • Burlington. CT 06013 • 203 582-9409 


-UP YOUR ERP- 


^I MAGNET MOUNTS 

I For HT owners operating inside a vehicle and want- 

/ mg increased T/R range. RF PRODUCTS has the low 

j solution 

/ vonr BN I ,1 Ir «..• HT ind mount 

, produ 

' on tin* 

connector 

J The magnet mount (part no 199-445) has 10 teel ol 

f small (5/323 co-ax with BNC conector attached 

w PRICE $15.95 M O or cashiers ck , via UPS gnd Fla 

residents add 5% tax. for air UPS add $3.25 

The RF PRODUCTS Magnet Mounts are one of the tew mounts available that can be repaired 
should the co-ax cable be damaged. The large surface area capacitance disc provides proper 
ground plane coupling for 1/4 and 5/8 wavelength VHF and UHF antennas 
MODELS AVAILABLE WITH THE FOLLOWING CONNECTORS $ CO-AX TYPES 
ANTENNA CONNECTORS BNC. TNC, 1 1/8' (MOT .), 5/16-24 STUD. 3/8-24 SOCKET. 

CO-AX CABLE: RG-122/U, RG-58A/U, mini 8X. t25 

TRANSCEIVER CONNECTORS BNC, TNC, PL-259, type N 


RFPRODUCTS 

P.O. Box 33. Rockledge. FL 32955 . U.S.A. (3051 631 0775 
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Ham Radio's guide to help you find your loci 


California 


JUN’S ELECTRONICS 

3919 SEPULVEDA BLVD 
CULVER CITY, CA 90230 
213-390-8003 
800-882-1343 Trades 
Habla Espanol 


Colorado 


COLORADO COMM CENTER 

525 EAST 70th AVE. 

SUITE ONE WEST 

DENVER, CO 80229 

(303) 288-7373 

(800) 227-7373 

Stocking all major lines 

Kenwood Yaesu, Encomm, ICOM 


Connecticut 


HATRY ELECTRONICS 

500 LEDYARD ST. (SOUTH) 
HARTFORD, CT 06114 
203-527-1881 

Call today. Friendly one-stop shopping 
at prices you can afford. 


Delaware 


AMATEUR & ADVANCED COMMUNI¬ 
CATIONS 

3208 CONCORD PIKE 
WILMINGTON, DE 19803 
(302) 478-2757 

Delaware's Friendliest Ham Store. 


DELAWARE AMATEUR SUPPLY 

71 MEADOW ROAD 
NEW CASTLE, DE 19720 
302-328-7728 
800-441-7008 

loom, Ten-Tec, Microlog, Yaesu, 
Kenwood, Santee, KDK, and more. 
One mile off 1-95, no sales tax. 


Florida 

AMATEUR ELECTRONIC SUPPLY 

1898 DREW STREET 

CLEARWATER, FL 33575 

813-461-4267 

Clearwater Branch 

West Coast’s only full service 

Amateur Radio Store. 

Hours M-F 9-5:30, Sat. 9-3 

AMATEUR ELECTRONIC SUPPLY 

621 COMMONWEALTH AVE. 
ORLANDO, FL 32803 
305-894-3238 

Fla. Wats: 1 (800) 432-9424 
Outside Fla: 1 (800) 327-1917 
Hours M-F 9-5:30, Sat. 9-3 


Georgia 

DOC’S COMMUNICATIONS 

702 CHICKAMAUGA AVENUE 
ROSSVILLE, GA 30741 
(404) 866-2302 

ICOM, Yaesu, Kenwood, KDK, Bird... 

9AM-5:30PM 

We service what we sell. 


Hawaii 

HONOLULU ELECTRONICS 

819 KEEAUMOKU STREET 
HONOLULU, HI 96814 
(808) 949-5564 

Kenwood, ICOM, Yaesu, Hy-Gain, 
Cushcraft, AEA, KLM, Tri-Ex Towers, 
Fluke, Belden, Astron, etc. 


Idaho 

ROSS DISTRIBUTING COMPANY 

78 SOUTH STATE STREET 

PRESTON, ID 83263 

(208) 852-0830 

M 9-2; T-F 9-6; S 9-2 

Stock All Major Brands 

Over 7000 Ham Related Items on 

Hand 


Illinois 

ERICKSON COMMUNICATIONS, INC. 

5456 N. MILWAUKEE AVE. 

CHICAGO, IL 60630 
312-631-5181 

Hours: 9:30-5:30 Mon, Tu, Wed & Fri; 
9:30-8:00 Thurs; 9:00-3:00 Sat. 


Indiana 

THE HAM STATION 

220 N. FULTON AVE. 

EVANSVILLE, IN 47710 
812-422-0231 

Discount prices on Ten-Tec, Cubic, 
Hy-Gain, MFJ, Azden, Kantronics, 
Santee and others. 

SASE for New & Used Equipment List. 

Maryland 

MARYLAND RADIO CENTER 

8576 LAURELDALE DRIVE 
LAUREL, MD 20707 
301-725-1212 

Kenwood, Ten-Tec, Alinco, Azden. Full 
service dealer. 

T-F 10-7 SAT 9-5 


Massachusetts 

TEL-COM, INC. 

675 GREAT ROAD, RTE. 119 
LITTLETON, MA 01460 
617-486-3400 
617-486-3040 

The Ham Store of New England 
You Can Rely On. 


_ Michigan 

ENCON/ATLANTIC SOLAR 

37279 West Six Mile Rd. 

Livonia, Ml 48154 
(313) 591-7744 

Amateur Radio, Repeaters, Satellite, 
Computer applications. 

Call Paul WD8AHO 


Minnesota 

TNT RADIO SALES 

4124 WEST BROADWAY 
ROBBINSDALE, MN 55422 (MPLS/ST. 
PAUL) 

TOLL FREE: (800) 328-0250 
In Minn: (612) 535-5050 
M-F 9 AM-6 PM 
Sat 9 AM-5 PM 

Ameritron, Bencher, Butternut, Icom, 
Kenwood 


Missouri 

MISSOURI RADIO CENTER 

102 NW BUSINESS PARK LANE 
KANSAS CITY, MO 64150 
(800) 821-7323 
Missouri: (816) 741-8118 
ICOM, Kenwood, Yaesu 
Same day service, low prices. 


YOU SHOULD BE HERE TOO! 

Contact Ham Radio now for complete details. 































mateur Radio Dealer 


Nevada 

AMATEUR ELECTRONIC SUPPLY 

1072 N. RANCHO DRIVE 
LAS VEGAS, NV 89106 
702-647-3114 

Dale Porray “Squeak," AD7K 
Outside Nev: 1 (800) 634-6227 
Hours M-F 9-5.30, Sat. 9-3 

New Hampshire 

RIVENDELL ELECTRONICS 

8 LONDONDERRY ROAD 
DERRY, N.H. 03038 
603-434-5371 

Hours M-S 10-5; THURS 10-9 
Closed Sun/Holidays 

New Jersey 

KJI ELECTRONICS 

66 SKYTOP ROAD 
CEDAR GROVE, NJ 07009 
(301)239-4389 
Gene K2KJI 
Maryann K2RVH 

Distributor of: KLM, Mirage, ICOM, Lar¬ 
sen, Lunar, Astron. Wholesale - retail. 

QEP’s 

110-4 ROUTE 10 

EAST HANOVER, N. J. 07936 

201-887-6424 

In N.J. 1-800-USA-9913 

Bill KA2QEP 

Jim N2GKW 

VISA/Mastercard 

Belden Coaxial Cable 

Amphenol Connectors 

Hours: 9:30 am-7:00 pm 

New York 

BARRY ELECTRONICS 

512 BROADWAY 
NEW YORK, NY 10012 
212-925-7000 

New York City’s Largest Full Service 
Ham and Commercial Radio Store. 

VHF COMMUNICATIONS 
915 NORTH MAIN STREET 
JAMESTOWN, NY 14701 
716-664-6345 

Call after 7 PM and save! Supplying all 
of your Amateur needs. Featuring ICOM 
“The World System.” Western New 
York’s finest Amateur dealer. 

North Carolina 

F & M ELECTRONICS 

3520 Rockingham Road 

Greensboro, NC 27407 

1-919-299-3437 

9AM to 7PM Closed Monday 

ICOM our specialty — Sales & Service 


Ohio 


Texas 


AMATEUR ELECTRONIC SUPPLY 

28940 EUCLID AVE. 

WICKLIFFE, OH 44092 (Cleveland Area) 
216-585-7388 

Ohio Wats: 1 (800) 362-0290 
Outside Ohio: 1 (800) 321-3594 
Hours M-F 9-5:30, Sat. 9-3 


DEBCO ELECTRONICS, INC. 

3931 EDWARDS RD. 

CINCINNATI, OHIO 45209 
(513) 531-4499 
Mon-Sat 10AM-9PM 
Sun 12-6PM 

We buy and sell all types of electronic 
parts. 


MADISON ELECTRONICS SUPPLY 

3621 FANNIN 
HOUSTON, TX 77004 
713-520-7300 
Christmas?? Now?? 

KENNEDY ASSOCIATES 

AMATEUR RADIO DIVISION 

5707A MOBUD 

SAN ANTONIO, TX 78238 

Stocking all major lines. San Antonio’s 

Ham Store. Great Prices — Great 

Service. Factory authorized sales and 

service. 

Hours: M-F 10-6; SAT 9-3 


UNIVERSAL AMATEUR RADIO, INC. 

1280 AIDA DRIVE 

REYNOLDSBURG (COLUMBUS), OH 
43068 

614-866-4267 

Featuring Kenwood, Yaesu, Icom, 
and other fine gear. Factory author¬ 
ized sales and service. Shortwave 
specialists. Near 1-270 and airport. 


Wisconsin 

AMATEUR ELECTRONIC SUPPLY 

4828 W. FOND DU LAC AVE. 
MILWAUKEE, Wl 53216 
414-442-4200 

Wise. Wats: 1 (800) 242-5195 
Outside Wise: 1 (800) 558-0411 
M-F 9-5:30 Sat 9-3 


Pennsylvania 


HAMTRONICS, 

DIV. OF TREVOSE ELECTRONICS 

4033 BROWNSVILLE ROAD 
TREVOSE, PA 19047 
215-357-1400 

Same Location for over 30 Years 


LaRUE ELECTRONICS 

1112 GRANDVIEW STREET 
SCRANTON, PENNSYLVANIA 18509 
717-343-2124 

ICOM, Bird, Cushcraft, Beckman, 
Larsen, Amphenol, Astron, Belden, 
Antenna Specialists, W2AU/W2VS, 
Tokyo Hy-Power Labs, WELZ, Daiwa, 
Sony, Saxton, Vibroplex, Weller. 


Tennessee 


MEMPHIS AMATEUR ELECTRONICS 

1465 WELLS STATION ROAD 
MEMPHIS, TN 38108 
Call Toll Free: 1-800-238-6168 
M-F 9-5; Sat 9-12 

Kenwood, ICOM, Ten-Tec, Cushcraft, 
Hy-Gain, Hustler, Larsen, AEA, 
Mirage, Ameritron, etc. 


BLACK DACRON® POLYESTER 
ANTENNA ROPE ^ 119 

• UNPROTECTED 

•HIGH ABRASION RESISTANCE 

•REQUIRES NO EXPENSIVE 
POTTING HEADS 

•EASY TO TIE S UNTIE KNOTS 
•EASY TO CUT WITH OUR HOT KNIFE 

• SIZES: 3/32" 3/16" 5/16" 

•SATISFIED CUSTOMERS DECLARE 
EXCELLENCE THROUGHOUT U.S.A. 


LET US INTRODUCE OUR DACRON® 
ROPE TO YOU • SEND YOUR NAME 

AND ADDRESS AND WE'LL SEND YOU 
FREE SAMPLES OF EACH SIZE AND 

COMPLETE ORDERING INFORMATION 


OV synthetic 
textiles,inc. 


24 72 EASTMAN AVENUE, BUILDING Z' 
VENTURA. CALIFORNIA 93003 (905) 659 7903 
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market 


RATES Noncommercial ads 10? per word; 
commercial ads 60$ per word both payable 
in advance. No cash discounts or agency com¬ 
missions allowed. 

HAMFESTS Sponsored by non-profit or¬ 
ganizations receive one free Flea Market ad 
(subject to our editing) on a space available 
basis only. Repeat insertions of hamfest ads 
pay the non-commercial rate. 

COPY No special layout or arrangements 
available. Material should be typew.itten or 
clearly printed (not all capitals) and must in¬ 
clude full name and address. We reserve the 
right to reject unsuitable copy. Ham Radio can¬ 
not check each advertiser and thus cannot be 
held responsible for claims made. Liability for 
correctness of material limited to corrected ad 
in next available issue. 

DEADLINE 15th of second preceding 
month. 

SEND MATERIAL TO: Flea Market, Ham 
Radio, Greenville, N. H. 03048. 


PACKET PROGRAM FOR YOUR PC. A telecommunications 
program especially written to interface your packet controller 
with your PC or compatible. Features Split-Screens, ASCII, Bi¬ 
nary, X-Modem file transfers. DOS shell. Macro Keys. 5 types 
time/date/oper. ID. Lots of goodies. Software support. Write 
for complete information. VISA/MC. Kalt and Associates, 2440 
E. Tudor Rd, Suite #138, Anchorage, AK 99507. (907) 248-0133. 

REMEMBER TROLLEY CARS? Trolley Treasures: "The War¬ 
time Years in New Jersey", a 4-volume photodocumentary his¬ 
tory, includes 1600 unpublished, original photographs plus 
extensive historical notes. Volume I, "The Compromise Roof 
Cars of Public Service Coordinated Transport", ready now. For 
details, send SASE to Trolley Themes, A.W. Mankoff, 2237-3 
Woodside Lane, Sacramento, CA 95825. Or order directly from 
publisher ($12.95 plus $1.50 S&H): Railhead Publications, PO 
Box 526HR, Canton, Ohio 44701, 

NATIONAL COLLECTORS: National HFS rcvr, all original 
tubes, coils and power supply. Very good condition. Make of¬ 
fer. Ray Nether, W3KFB, 184 McClure road, RD 2 Cheswick, 
PA 15024. 


power supply $15. All work. All tor 9100. Shipping extra. Victor 
Smith, 147-29 Hoover Avenue, Briarwood, NY 11435. 


$$$$$SUPER SAVINGS on electronic parts, components, sup¬ 
plies and computer accessories. Free 40-page catalog for SASE. 
Get on our mailing list. BCD ELECTRO, PO Box 830119, Richard¬ 
son, TX 75083 or call (214) 690-1102. 


CABLE TV CONVERTERS & EQUIPMENT: Plans and parts. 
Build or buy. SASE for information. C&D Electronics, PO Box 
1402, Dept. HR, Hope, AR 71801. 


YAESU OWNERS: Hundreds of modifications and improve¬ 
ments for your rig. Select the best from fourteen years of gen¬ 
uine top-rated Fox-Tango Newsletters by using our new 32-page 
Cumulative Index. Only $5 postpaid (cash or check) with $4 Re¬ 
bate Certificate creditable toward Newsletter purchases. Includes 
famous Fox-Tango Filter and Accessories Lists. Milt Lowens, 
N4ML (Editor). Box 15944, W. Palm Beach, PL 33416. Telephone 
(305) 683-9587. 


R-390A Receiver: $195 checked; $115 reparable. Parts, tubes, 
sections. Info SASE. CPRC-26 six meter transceiver (see HR, 
March 1985) $17.50 apiece, $32.50 pair (add $4.50/unit ship¬ 
ping). Baytronics, Box 591, Sandusky, OH 44870. 419-627 0460 
evenings. 


MARCO: Medical Amateur Radio Council, Ltd. operates daily 
and Sunday nets. Medically oriented Amateurs (physicians, den¬ 
tists, veterinarians, nurses, physiotherapists, lab technicians, 
etc.) invited to join. Presently over 550 members. For informa¬ 
tion write MARCO, Box 73's, Acme, PA 15610. 


IBM'PC RTTY/CW, New CompRtty II is the complete 
RTTY/CW program for IBM-PC's and compatibles. Now with 
larger buffers, better support for packet units, pictures, much 
more. Virtually any speed ASCII, BAUDOT, CW. Text entry via 
built-in screen editor! Adjustable split screen display. Instant 
mode/speed change. Hardcopy, diskcopy, break-in buffer, se¬ 
lect calling, text file transfer, customizable full screen logging, 
24 programmable 1000 character messages. Ideal for MARS and 
traffic handling. Requires 256k PC or AT compatible, serial port, 
RS-232C TU $65. Send call letters (including MARS) with or 
der. David A. Rice, KC2HO, 25 Village View Bluff, Ballston Lake, 
NY 12019. 

ELECTRONIC ENCLOSURES: Attractive, reasonably priced. 
Aluminum top and sides. Walnut stained solid wood ends. Va¬ 
riety of sizes and custom sizes available. Sample $5.00 Infor¬ 
mation free. Energy Engineering, Custom Division, Rt. 4, Box 
330, Fayetteville, AR 72701. 

NATIONAL RADIO EQUIPMENT manual list or NCL 2000 parts 
kits. SASE. Maximilian Fuchs, 11 Plymouth Lane, Swampscott, 
MA 01907. 

RTTY JOURNAL— Now in our 34th year. Join the circle of 
RTTY friends from all over the world. Year's subscription to 
RTTY JOURNAL, $10.00, foreign $15.00. Send to: RTTY JOUR¬ 
NAL, 9085 La Casita Ave., Fountain Valley, CA 92708. 


IMRA International Mission Radio Association helps mission 
aries. Equipment loaned. Weekday net, 14.280 MHz, 2 3 PM 
Eastern. Eight hundred Amateurs in 40 countries. Brother Frey, 
1 Pryer Manor Road, Larchmont, New York 10538. 

RUBBER STAMPS: 3 lines $4.50 PPD. Send check or MO to 
G.L. Pierce, 5521 Birkdale Way, San Diego, CA 92117. SASE 
brings information. 

ELECTRON TUBES: Receiving, transmitting, microwave... all 
types available. Large stock. Next day delivery, most cases. Daily 
Electronics, PO Box 5029, Compton, CA 90224. (213) 774-1255. 


1 296 MHz POWER AMPLIFIERS. 6 W Kit - $80.65 $3.50 s/h. 
20 W Kit —$112.15 —$3.50 s/h. For info SASE to. A & A En¬ 
gineering, 2521 W. La Palma, -K, Anaheim, CA 92801. (714) 
952 2114. 


CUSTOM MADE EMBROIDERED PATCHES. Any size, shape, 
colors. Five patch minimum. Free sample, prices and ordering 
information. Hein Specialties, Inc., Dept 301, 4202 N. Drake, 
Chicago, IL 60618. 


UHF PARTS. GaAs Fets, MMICs, trimmers, chip caps, teflon 
pcb, and other builder parts. SASE brings list. Microwave Com¬ 
ponents, 11216 Cape Cod, Taylor, MI 48180. 

SHOW IT IN STYLE. Full color QSL's by Smith Printing. From 
your prints/slides. Sample packet. SASE. 20420 Calhaven Drive, 
Saugus, CA 91350. (8051 251-7211. 

LOOKING FOR the following equipment not modified: ARC 
4 -TBY - APS 13- BC645 or other items used in aviation in the 
years 1939-45. Giuliano Vigarani, I4VGG. 


RECONDITIONED TEST EQUIPMENT $1.25 for catalog. 
Walter, 2697 Nickel, San Pablo, CA 94806, 

CABLE TV CONVERTERS/DESCRAMBLERS. Guaranteed 
lowest prices in US. Jerrold, Hamlin, Zenith — - Many others. 
Lowest dealer prices! Orders shipped within 24 hours! Master 
card, VISA, COD accepted.Free Catalog- call (8001 345-8927 
only Pacific Cable Co., Inc., 7325-1/2 Reseda Blvd,#1019, Rese¬ 
da, CA 91335. (818) 716-5914. 

WANTED: Heath ET 100. Call 913 898 4695. Mike W0XM. 


WORLDWIDE AIR TRAFFIC CONTROL Frequency Directory 
for 2 22 MHz shortwave aeronautical bands. Hear commercial 
airliners on oceanic and many foreign domestic routes. Cross- 
referenced lists include over 200 cities plus weather and airline 
channels. Send $4.75 (Mass residents add 5%) +$1.25 P&H 
($2.25 outside N. America) to Cambridge Airadio, Dept HRA, 
Suite 486, 89 Mass. Avenue, Boston, MA 02115. 

BUG COLLECTORS: Original Bunnell Gold Bug, S/N 715. Also 
have Bunnell-Martin Flash Key, Type No. 5-46. Make offer. Ray 
Nether, W3KFB, 184 McClure Road, RD 2, Cheswick, PA 15024. 


MORSE CODE Practice program for IBM-Pc and Compatibles. 
Send $19.95 check to SP Microcomputing Co., 1008 Swallow 
Drive, Cherry Hill, NJ 08003. Developed by KD2SM. 

CHASSIS and cabinet kits. SASE K3IWK, 5T2C Harmony Grove 
Road, Dover, PA 17315. 

COMING EVENTS 

Activities — “Places to go . . 


TRS80 4P/KANTRONICS UTU RTTY. Split-screen, 10 user 
keys, file transfer. Runs in Mod 4 (80 char) mode, $30 to COM- 
MPRO RTTY, c/o KB6IC, 3711 Gayle Avenue, Omaha, NE 
68123. 

SPECIAL ANTENNAS by K3IPW featuring the RIW-19 432 
MHz beam, 14.9 dBd for $69.95 and the K1FO 22 el. 14 ft. 432 
MHz beam, 15.8 dBd for $76.64, SASE for information. Tho¬ 
mas H. Rutland, 1703 Warren St, New Cumberland, PA 17070. 

GENERAL RADIO TEST EQUIPMENT 121 IB unit oscillator 
0.5 to 50 MHz $35. Two 1209B unit oscillators 250 to 920 MHz 
$30 each. 1201B regulated unit power supply $20. 1203B unit 


CALIFORNIA:FCC exams, Novice-Extra. Sunnyvale VEC ARC. 
(408) 255-9000 24 hour. 73, Gordon, W6N(_G, VEC 

MASSACHUSETTS: The MIT UHF Repeater Association and 
the MIT Radio Society offer monthly Ham Exams. Ail classes 
Novice to Extra. Wednesday, December 17, 7 PM, MIT Room 
1-134, 77 Mass Avenue, Cambridge MA. Reservations request¬ 
ed 2 days in advance. Contact Ron Hoffmann (617) 
253-0160/646-1641 or Craige Rodgers (617) 494-1986. Exam fee 
$4.25. Bring copy of current license (if any), two forms of pic¬ 
ture ID and completed form 610 available from FCC in Boston 
(223-6609) 


PENNSYLVANIA: Amateur Radio Brunch, The Chaverim of 
Delaware Valley will hold their 7th annual brunch, Sunday, Janu¬ 
ary 18, Parktowne Place Apartment Complex, 2200 Benjamin 
Franklin Parkway, Philadelphia at 10 AM. Everyone invited. Con¬ 
tact Bill Soble, W3QXT (215) 676-6769 or write to 9357 Hoff 
Street, Philadelphia, PA 19115. Reservations are necessary. 


WISCONSIN: The 15th annual Midwinter Swapfest, sponsored 
by the West Allis Radio Amateur Club, Saturday, January 10, 
Waukesha County Expo Center Forum, 8 AM to 3 PM. Admis¬ 
sion $2.00 advance, $3.00 at the door, 4' tables $3.00 advance, 
$4.00 at the door. Elec, outlet $5.00. Advance deadline Janu 
ary 2, 1987. Dealers welcome. Amateur exams given, write for 
details. For tickets or information write WAR AC Swapfest, PO 
Box 1072, Milwaukee, Wl 53201. Please SASE. 

OPERATING EVENTS 

“Things to do . . .” 

December 6: The University of Idaho ARC, W7UQ, will hold 
its 2nd annual Alumni Reunion on the Air, 2000Z, December 
6 to 0400Z December 7. All Amateurs, especially U of I alumni, 
are invited to participate. Listen for "CQ Reunion". QSL availa¬ 
ble by sending SASE via callbook address For more informa¬ 
tion contact W7UQ. 

December 6-7: 22nd Annual Pioneer Radio QSO Party spon¬ 
sored by the John D. Burlie Chapter No. 89. For further infor¬ 
mation Ted Phelps, W8TP. 

Feb 1-2: YL-ISSB QSO Parties. CW 0001Z to 2359Z. Phone 
0001Z March 21 to 2359Z March 22. Open to all. U.S. General 
Class portions of bands. Exchange call, report, QTH, name, ISSB 
number and partner or teammate. Certificates to category, coun¬ 
try/state winners. For information: Bill Early, WA9AEA, PO Box 
401, McHenry, IL 60050-0401, USA. 


SOUTH BEND, INDIANA Hamfest Swap & Shop, January 4, 
1987, first Sunday after New Year’s Day, Century Center down 
town on US 33 Oneway North between St. Joseph Bank Bldg 
and river. Four lane highways to door from all directions. Tabl;es: 
$5/5 ft. Round: $10/8x2.5. Rectangular: $2/ft. wall locations. 
Talk in freq: 52 52, 99-39, 93 33, 69 09, 145.29. K9IXU (219) 
233 5307. 


December 12-14: Christmas, Florida. The Coronado Wire 
less Assn, will operate K4HML from 1400Z to 220Z, lower 10 
kcs of General bands, phone and CW. Send QSL and No. 10 
SASE to K4HML, PO Box 1, Edgewater, FL 32032. 


December 20-21: Christmas City Station Members of the 
Detaware-Lehigh ARC will run this special event station, W30K. 
1600 UTC to 2200 UTC. Contact the station and send QSL and 
No. 10 SASE to W30K, Delaware-Lehigh ARC, Greystone Build 
ing, Nazareth, PA 18064. 


December 13-14: Bethlehem, IN. Clark County ARC will oper 
ate W9WWI/9 from 1700Z to 0300Z December 13 and 1300Z 
to 2000Z December 14. Certificate for large SASE via CCARC, 
Box 532, Jeffersonville, IN 47131. 


7 MILLION TUBES 



FREE CATALOG 


Includes all Current, Obsolete, An¬ 
tique, Hard-To-Find Receiving, 
Broadcast, Industrial, Radio/TV 
types. LOWEST PRICES, Major 
Brands, In Stock. 

UNITY Electronics Dept. H 
P.0. Box 213 
Elizabeth, NJ 07206 " 1 


CHARGE ^ 

YOUR CLASSIFIED ADS 
to your MC or VISA, write or call 
HAM RADIO MAGAZINE 
Greenville, NH 03048 
(603) 878-1441 



SWL ’s: Are You Plagued By 

Phantom Signals? 
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Range Ml-U lune 

9BQM* -MINITUNERtun3 


Meet the Eliminator. 

Don’t let its small dimensions (4”x3”x2”) fool you—the Grove 
Minituner III is a big weapon against images, intermod and 
phantom signals on your shortwave receiver! 

This short wave/long wave pre-selector is designed to boost 
performance in the 100 kHz-30 MHz frequency range. If you 
own one of the popular general coverage communications 
receivers and are using an outside antenna, you NEED this extra 
measure of selectivity. 

No power required. Simply connect between your receiver 
and antenna. Equipped for standard PL-259 connections. Only 
$39 (free UPSshipping; s 5 U.S. Mail/Parcel Post). Order TUN-3. 


A 


Grove Enterprises 

140 Dog Branch Road 
Brasstown, N.C. 28902 


MC, Visa or COD call: 

1 - 800 - 438-8155 


Shop Grove for fantastic values in shortwave 
receivers, antennas, cable, performance 
' 113 boosting accessories and literature. 

Call (704) 837-9200 or write to above address (or tree catalog! 



WE MOUNT IT ALL 

Our exciting new mounts will mount your cornmu 
mcation gear in all vehicles tor new operating on 
lOyment All models feature steel construction 
satin black finish and all mounting hardware 
Available in two and four radio models priced 
from $79 50 to $239 50 these mobile mounts will 
pul you in the communications driver's seal 
Mounlsyslem 100 in formal ion sheet and V 4 
general catalog available FREE Contact ^ 114 

MX Equipment Ltd. _ _ 

■JfH" P O Box 9 

V/SA Oaklawn II 60454 

(312)423 0605 


“INSTANT” 
MORSE CODE 

Beginners: 

Deliciously Easy 

Experts: 

Automatically Fast 

CURLYCODE™ MANUAL 
ONLY $6.50 

KuarantRed 

Minds eve Publications, Dept ms 
rflNDs Sulte 115-199 

1550 Beverly Rd 

S Mciean. va 22101 ^ '' s 


PRC 


SERVICE CENTER 



I.D. BADGES 

No ham should he without an I D badge 
It's |ust the thing lot club meetings 
conventions, and get toqethers and yoo have a 
wide choice ot colots Have your name and call en 
gtavea in either standard or script type on 
one ot these plastic laminated I D badges 
Available in ihe lollowing color combinations 
Ibadgedettermgi white/ted. wood 
grain/white, blue/white, white/black. 
yellowlblue. red,while, green/white, metallic 
gold/black metallic silver/black 
UID[ngraved I D Badge S2.50 


BASEBALL CAP 

How about an attractive BASEBALL style cap 
that has name and call on it It gives a 
launly an when worn at Hamlcsts and it is 
a great help lot Iricnds who have never 
met to spot names and calls loi easy 
recognition Great Inr birthdays anmver 
sanes special days whatever occasion 
Hats come in the following colors 
GOLD BLUE REO KELLY GREEN / 

Please send call and name / t 
(maximum 6 letters pei line) A JU 
UFBC 81 $6 00 J 


ham.. 

radio _ 

BOOKSTORE 


Please enclose S3.50 to cover 
shipping and handling. 


Greenville. NH 03048 


lor 

ICOM, KENWOOD 
and YAESU 

Fully equipped repair shop Amateur, 
Marine and Land Mobile repairs. 

FCC NABER Lie 

Mon-Fri 10:00-4:00 pm 

( 206 ) 776-8993 

PACIFIC RIM 
COMMUNICATIONS 

Bob KG7D ^ ii6 

23332 58th Ave West 
Mountlake Terrace. Wa 98043 

& CO O.S Welcome 








B & W PRESENTS A 
WINNING COMBINATION 
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MODEL PT2500A LINEAR AMPLIHER 

The Barker & Williamson PF250OA Llneor Amplt 
her is a completely sett contained table top 
unit designed tor continuous SSB. CW. RTIY. 
AM or ATV operation Intended for coverage 
ol all amateur bands between 1 8 MHz and 
21 MHz. it can be reodily modified tor tre 
quencies outside the amateur bands lor 
commercial or military application Two type 
3S00z glass envelope Inodes provide reliability 
and rapid turn-on time 

FEATURES INCLUDE: 

• Full 1600 wart output 

■ Pl-network Input tor maximum drive 

• Pressurized plenum cooling system 

• DC antenna relay for hum free operation 

• Illuminated SWR and power meters 

• Vernier tuning tor accurate settings 

• Pl-L output tor greater harmonic 
attenuation 

Ruggedly constructed of proven design this 
amplifier reflects the manufacturer's critical 
attention to details - such as the silver plated 
tank coll for maximum efficiency Cathode 
zener fuse and mternal/external cooling are 
among the protective ond safety devices 
employed Input and output Impedances 
are 50 ohms 

Dimensions 17" wide x IV deep x 8 V.- high 
Weight 80 lbs (shipped in 3 cartons to meet 
UPS reqi ilrements) 

Price 1 7 5 00 FOB factory Price 

Includes one year limited warranty 
Call or write factory tor complete speci¬ 
fications 
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MODEL VS<500A ANTENNA COUPLER 

The Barker 8t Williamson VS1500A antenna 
coupler is designed to match virtually any 
receiver transmitter or transceiver in the 160 
to 10 meter range (1 8 to 30 MHz) with up to 
1500 watts RF power to almost any antenna 
including dipoles, inverted vees verticals 
mobile whips, beams random wire.' and 
others fed by coax cable balanced lines or 
a single wire A 1 A balun Is built in for 
connection to balanced lines 
FEATURES INCLUDE 

• Senes parallel capacitor connection 
tor greater harmonic attenuation 

• In-circuit wattmeter for continuous 
monitoring 

• Vernier tuning for easy adiustment 
Front panel switching allows rapid selection 
of antennas, or to an external dummy load 
or permits bypassing the tuner 

Dimension (Approx) 11" wide x 13" deep 
x 6" high 

Weight t'h lbs 

Price: s 499 •®® TOB Factory Fully warranted 
for one year 

_ mi uomoducrsiMct n vsx 

BARKER * WILLIAMSON 

tAAJNtV CocnrrXiTKOfCO PicOuch VtC* 1 
A) you* Dtjmr*jian AT** o* Can 

« 1u Loro Vre*» tmt& PA ’000? RMB 

(215) 766-5561 




THE STANDARD OF EXCELLENCE 
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UNPRECEDENTED WIDE EREQUENCV RANGE: Covers 140.000- 
153.000 MHr in steps that can be set to any multiple of 5 kHr up to 
50 khr. 

CAP/MARS/NAVY MARS, BUILT IN: The Wide frequency range 
facilitates use of CAP and ALL MARS FREQUENCIES including 
NAVY MARS. COMPARE.' 

TINY SIZE: Only 2 inches high. 5'; inches wide and 7V. inches 
deep! 

MICROCOMPUTER CONTROL: Gives you the most advanced 
operating features available. 

UP TO 11 NONSTANDARD SPLITS: COMPAKt this with other 
units! 

20 CHANNELS OF MEMORY IN TWO SEPARATE BANKS: Retains 
frequency, offset information. PL tone frequency. 

DUAL MEMORY SCAN: Scan memory banks separately or to¬ 
gether. ALL membry channels are tunable independently. 

COMPARE/ 

MEMORY SCAN LOCKOUT: Allows you to skip over channels 
you don’t want to scan. 

TWO RANGES OF PROGRAMMABLE BAND SCANNING: Limits 
are quickly reset. Scan ranges separately or together with inde¬ 
pendently selective steps in each range. COMPAKt! 

BUSY SCAN AND DELAY SCAN: Busy scan stops on an occupied 
channel Delay scan provides automatic auto-resume. 
DISCRIMINATOR CENTERING (AZDEN EXCLUSIVE PATENT): 
Always stops on frequency desired when scanning. 

PRIORITY MEMORY AND ALERT: Unit constantly monitors one 
memory channel for signals, alerting you when channel is 
occupied. 


LITHIUM BATTERY BACKUP: Memory information can bestorod 
for up to 5 years even if power is removed. 

FREQUENCY REVERSE: Allows you to listen to repeater input 
frequency. 

ILLUMINATED KEYBOARD WITH ACQUISITION TONE: Keys are 
easily seen in the dark, and actuation is positively verified audibly, 
CRISP, BACKLICHTED LCD DISPLAY: Easily read no matter what 
the lighting conditions! 

DIGITAL S/RF METER: Shows Incoming signal strength and rela¬ 
tive transmitter power. 

MULTI-FUNCTION INDICATOR: Shows a variety of operating 
parameters on the display. 

FULL 16-KEY TOUCHTONE PAD: Keyboard functions as auto¬ 
patch when transmitting. 

MICROPHONE CONTROLS: Up/down frequency control and 
priority channel recall. 

PL TONE GENERATOR BUILT IN: Instantly program any of the 
standard PI frequencies into the microcomputer. COMPAKt! 
TRUE FM, NOT PHASE MODULATION: Unsurpassed intelligibil¬ 
ity and audio fidelity. COMPAKt! 

HIGH/LOW POWER: Select 25 watts or 5 watts output — fullv 
adjustable. 

SUPERIOR RECEIVER: Sensitivity is better than 0.15 microvolt for 
20-dh quieting. Commercial-grade design assures optimum dy¬ 
namic range and noise suppression. C OMPAKtl 
DIRECT FREQUENCY ENTRY: Streamlines channel selection and 
programming. 

OTHER FEATURES: Rugged dynamic microphone, built-in spea¬ 
ker , mobile mounting bracket, remote speaker |ack. and all cords, 
plugs, fuses and hardware are included. 



MANUFACTURER 

JAPAN PIEZO CO., LTD. 

1-12-17 Kamirenjaku, Mitaka. Tokyo. 181 Japan 


Telex 781-2822452 









Manufacturing Company Inc 


The Experts in Accessories 
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Nanoiocono II ■ 10 9iec | -Oeloctnc Tost 
3000 VAC 60 Sec • I orwofd Surge Raltr*?"» 


DIAMOND SP-1 

Switched aaapti fo aupie* outlet • 6 Outlets 15 Amps Iota* 126 
Volts 1fl?5 Watts• Operating Temperature 40 C to • 85 C 

• Peon Pulse Power Dissipation i0Wfo«20 

Micro Sec • Maximum Clamping Voltage Tost Current 
50A (ft 20 M»cto Sec | 340V Clomping Occurs Line to lino 
(Normal Mooe| and line fo Ground (Common Mode) 

• Clomping Rosponse lime 1 Nanosecond (1-10 9 soc) 

• Dielectric Test 3000 VAC 60 Sec • Forward Surge Rating 

<•* 25 C 1440 Amps for 1/120 Sec . lifetime Warranty 

Retail $4995 


into duplex outlet 6 ft 


RUBY SPF-2 Switctwa 1 Mi Mi dieted plug. h 

pvwet cota. Surf! in Cncmt B leaket •« Oufieft IS Ampi total 125 VWU W, 
Vratti. Operating tempeiaUiio 40 C to • 86 C Rook Pune Powei 
[nisiixjtion in 25 C 585.000W Hi 20 Micro 5ec. • Manmum Clamping 
Voitogo "I lest Cuttent 50A (8-20 Micro Sec 1140V Clamping Occun line 
to line (Notmol Mode) ana Une to Giound (Common Model • C lamping 
Response rime tNonosecona/t • 10 9tec)‘DMect»c Jest 3000 VAC 
60Sec • f orwaia Surge Rating,., 25 C 1440 Amps fix 1120 Sec 

• Mode Nose Protection Notmai ana Common Mode*None 

Rejection frequency 150KW 30MH2. Attenuation 

SOB 58DB Litekme wouonty 

Retail $89.95 


EMERALD SPF-2 Switched 

plugs into duplex Outlet ft 1 t power card 
Built in Circuit Breakoi ft Outlets. 15 Amps 
Total 125 Volt* 1875 Watts F rom Single or Aii 
Combined • Operating Temperature 40 C to 
♦ 85 C • Peak Pulse Power Dissipation r« 25 C. 

565.000W for 20 Micro Sec • Maximum Clamping 
VoltageText Current 50A (8 20 Micro Sec ) 340V 
Clamping Occurs Une to lino (Normal Mode) and 
line to Ground (Common Model • Clamping 
Response Time 1 Nanosecond (1 • 10 9 sec I • Dtelec 
trie Test 3000 VAC 60 Sec • Forwaid Surge Rating <• 25 C 
1440 Amps for 1/120 Sec. lifetime Warranty 

Reton $59.95 


ah CuMH Surge Protectors meet or exceed IEEE standards 
567 IPSO Gucto for Surge Voltages in AC Power Circuits 
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SAPPHIRE SPF-1 

Switched EMi Rfl filtered 
adapts to duplex outlet »3 
Outlets 15 Amps total 126 Volts 
1875 From Single or All Combined ^ 
•Operating Tomperafure 40 C to 1 
♦ 85'C • Peak iHjIse Powei Disupa 
tton 25 C 585000W for 20 Micro 
Sec • Maximum Clamping VOttoge fa 
Tost Current 50A (8'20 Micro Sec J 340V 
Damping Occurs Une to line (Nor mo» 
Mode) and t me to Ground (Common 
Mode) • Clamping Response Tim© 1 


25 C 1440 Amps for 1/120 Sec • Mode Nor* 
Protection Normal and Common Mode 

• Attenuation SDB 58DB. I Ifetirn© Warranty 

Retail $7995 






The Ones To Ask For 


Cur Its Electronic Surge Protectors ore enioying 
overwhelming popularity in the surging accesso 
ries marketplace They've earned it by providing 
surge protection that’s guaranteed tor a lifetime, 
and combining a great price with a reputation tor 
quality that's unmatched in the industry, Backed by 
powerful national advertising and highlighted by 



colorful point of purenase packaging. Curtis .Jewel 
Surge Protectors are an easy sale Fast moving 
and profitable. Curtis surge protection is an ideal 
add-on to new system sales, or as accessories to 
existing systems To keep your inventory moving, ask 
tor surge protection from Curtis the experts 
in accessories 


Available at SOFTSEL, MICRO D, FIRST SOFTWARE, INGRAM SOFTWARE or call your local Distributor 

In Canada Micro Computet Products. PO Box 235. Ajax. ONI. Canada US 3C3, (416| 42? f>612 

Order Toll Free 1-800-548-4900 


Manufacturing Company. Inc 


CIRTIS 

305 Union Street. Peterborough, NH 03458 
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DIAL 


LOW 


AAA-size cells. Dry cell battery case for 6 AA-size cells. DC car adapter/ 
charger. Programmable CTCSS (PL tone) encoder/decoder. DTMF keypad 
encoder. Mobile hanger bracket. External speaker/microphone. And much 
more. ■ So get the intelligent mini HT that’s built for life’s realities. 
Yaesu’s 2-meter FT23R, or 440-MHz FT-73R. 


Our 30th Anniversary. 


Yaesu USA 17210 Edwards Road, Cerritos, CA90701 (213) 40 1 2700. Customer Service: (213) 404 4884. Pares: ( 0, 3) 404 4847 
Yaesn Cincinnati Service Center 9070 Gold Park Drive, Hamilton, OH 45011 (513 ) 874-3100. 


IVicoK and specification* subject lo cluinge without notice PL is a registered trademark of Motorola. Inc. 









KENWOOD 


lamp OFFSET/r n routr 


SCAN 


This HT h 


Full-featured 2m Hand-held Transceiver 

Kenwood brings you the 
greatest hand-held trans¬ 
ceiver ever! More than just 
“big rig performance!' the 
new TH-215A packs the most 
features and the best perfor¬ 
mance in a handy size. You 
will want to keep this HT 
“close at hand” all of the 
time. And our full line of 
accessories will let you go 
from hamshack to portable 
to mobile with the greatest 
of ease! 

• Wide receiver frequency range 
Receives from Ml 163 MH/ 

Includes Ihe weather channels' 

Transmit Irom 144 148 MH,? 

Modifiable to cover Ml 151 MH/ 

(MARS oi CAP permil required) 

• 5. 2.5. or 1.5 W output, depend 
ing on the power source Sup 
plied balteiy pack (PB 2) provides 
2 5 W output Optional NiCd packs 
for extended operation or higher 
RF output available 

• CTCSS encoder built-in TSl) 4 
CTCSS decoder optional. 

• 10 memory channels store ar 
ottset I ach memory channel can 
store frequency, frequency slop 
offset reverse switch position, 
and CTCSS frequency 

• Nine types of scanning! 

Including new “seek scan" 

A Kenwood exclusive 1 

• Intelligent 2 way battery saver 
circuit extends battery life Iwo 
battery-saver modes to choose, 
with power save ratio selection 

• Easy memory recall Simply 
press the channel number' 

• 12 VOC input terminal tor direct 
mobile or base station supply 
operation When 12 volts is applied, 

RF output is 5 W' 

• New Twist Lok Positive 
Connect locking battery case 

• Frequency entry by keyboard 
or UP/DWN keys 

• Priority alert function 

• Monitor switch to defeat squelch 
Used to check the frequency 
when CTCSS encode/decode is 
used or when squelch is on 


large easy to read multi 
function LCD display with night 


Audible beepei to confirm key¬ 
pad operation fhe peeper has a 
unique lone for each key, DTMF 
monitor also included 
Supplied accessor «-s Bell tiook, 
tubber Ilex antenna. PB-2 standard 
NiCd battery pu< k tfoi 2 5 W oper 
ation) wall charger, dust caps 


Optional Accessories. 

• PB 1 12 V. 800 mAt' r-JCd p u X tor 6 W 
output • f'B 2 8 4 V. ‘ 00 ruAh NO! pack 
(? 5 W output l * f'B 3 V 800 niAH 
NiCd pack (tfj W iiil|niti • PR 4 72 V 
1600 niAH NiCd ; k 1 15 W - utputl 

• B! •• AA i.eti mangane-.i- alkaline battery 
case • BC / rapid < ii.itgt-' im PB t. 2. 3. 


rias • HA 80 StutitiyDuk antenna • ISU 4 
CTCSS dix ode unit ■ VB 2530 2m. 26 L. 
W amplifier - LH 4 5 ••ithur .i-,-"-, 

• MB -t mobile heir k*-l • BH 6 swivel mounl -I 

• PG 2V DCcabk- * PG 31 garette lighter C 
cord with lillei 


COmrriere wtwt.v rnanuart ir.| l.il' , t 
-f jin iii . in ,J pi-. \,ibi ft P • ' 





































